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2. HEALTH EFFECTS

2.1 INTRODUCTION

The primary purpose of this chapter is to provide public health officials, physicians, toxicologists, and other
interested individuals and groups with an overall perspective of the toxicology of hydraulic fluids. It contains
descriptions and evaluations of toxicological studies and epidemiological investigations and provides

conclusions, where possible, on the relevance of toxicity and toxicokinetic data to public health.

As discussed in Chapters 3,4, and 5 of this profile, hydraulic fluids are materials that transmit energy in
fluid-filled, pressurized mechanical systems such as automotive automatic transmissions, vehicular brake
equipment, power steering equipment, and hydrostatic drive systems used in agricultural, construction,

mining, and aircraft equipment and machinery. Hydraulic fluids are defined primarily on an operational

basis. Thus, any fluid, regardless of chemical composition, that is used to transmit pressure in a closed system is
a hydraulic fluid. Based on chemical and functional properties, hydraulic fluids can be divided into
sevenchemical classes: phosphate esters, mineral-oil-in-water and water- in-oil fluids, polyalphaolefin
oligomers, polyhalohydrocarbons, polyglycols, silicate esters, and silicones. This profile focuses on three classes
of hydraulic fluids: mineral-oil-based hydraulic fluids, polyalphaolefins, and organophosphate esters (Moller
1989; U.S. Air Force 1989; Wills 1980). Some of these fluids have special applications in industry and the
military and may be found at hazardous waste sites. Automobile hydraulic fluids (brake, transmission, or power
steering fluids) are not specifically addressed in this profile. Some of the specific fluids discussed in this profile

are no longer manufactured, but may nonetheless be at hazardous waste sites.

Mineral-oil based hydraulic fluids (including fire-resistant mixtures of mineral oil and water) have been
estimated to comprise 98% of the world demand for hydraulic fluids (Wills 1980). These fluids are made
from dewaxed petroleum-based crude oils that are blended with additives such as corrosion inhibitors (e.g.,
fatty acids), oxidation inhibitors (e.g., phenols, amines, and sulfides), defoamers (e.g., silicone oils), and
antiwear additives (e:g., organophosphate esters) (FMC 1991¢, 1991d, 1992a, 1992b; Moller1989). Thus,
mineral-oil-based hydraulic fluids are complex mixtures of aliphatic and aromatic hydrocarbons to which
other compounds have been added. The chemical composition of these fluids varies with manufacturer and
depends on the source of the crude oil, the degree and type of refining applied to the crude oil, and the amount
and types of compounds added for operational purposes. Mineral-oil-based hydraulic fluids are widely used in

hydrostatic machines, hydrodynamic couplings, automatic transmissions, and tractors. Hydraulic systems
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used in situations where combustion is a danger (e.g., underground mining, foundries, and in welding
equipment) often contain oil-in-water emulsions (>80% water) or water-in-oil emulsions (>40% water) as

fire-resistant hydraulic fluids (Moller 1989).

Organophosphate esters are among the most widely used classes of synthetic compounds in hydraulic fluids.
They are used as anti-wear additives in mineral oil hydraulic fluids and are significant components in certain
fire-resistant hydraulic fluids (FMC 1991c, 1991 d, 1992a, 1992b; Wills 1980). Organophosphate esters have
better fire resistance than mineral oils and are much better lubricants than water. Common types of
organophosphate esters include tricresyl phosphates, isopropylated phenyl phosphates, tributyl phosphates, and
tertiary butylated phenyl phosphates (Moller 1989; Wills 1980; Henrich 1995). Organophosphate ester hydraulic
fluids and additives often contain mixtures of organophosphate esters. The only other synthetic compounds
likely to have a wider use in hydraulic fluids are the polyalkylene glycols, which are widely used in the
hydraulic brake systems of motor vehicles (Moller 1989; Wills 1980). The toxicological properties of two
important polyalkylene glycols are discussed in the ATSDR technical report on ethylene glycol and propylene
glycol (ATSDR 1993a). The polyalkylene glycols are not discussed in this profile.

The third class of hydraulic fluids discussed in this profile is the polyalphaolefins. Polyalphaolefins are
synthetic hydrocarbons that are made by oligomerizing alphaolefins such as 1 -decene (see Chapters 3,4,

and 5). Aliphatic hydrocarbons are the principal components of both mineral oils and polyalphaolefins, but
the array of hydrocarbons with differing molecular weights is much narrower in polyalphaolefins than in
mineral oils. Certain polyalphaolefins maintain good operational characteristics at low temperatures and have

been proposed for use in hydraulic systems in U.S. military aircraft (Kinkead et al. 1992b).

Hydraulic fluids are generally mixtures comprised of major and minor components whose presence may or
may not be public information. Adverse health effects from exposure to mixtures can be caused by potent
components, which may represent only minor portions of the whole mixture and whose presence may not be
common knowledge. In the ensuing discussion of health effects from three classes of hydraulic fluids,
attempts were made to identify tested hydraulic fluids by their commercial names and to focus-on what is
known about the toxicological properties of the fluids themselves. Available information concerning the
known chemical components of hydraulic fluids for which toxicological studies were located is discussed in
Chapter 3. Information concerning the toxicological properties of major components expected to be found in
hydraulic fluids discussed in this profile is discussed for tricresyl phosphate (TCP) and tributyl phosphate,

because they comprise nearly 100% of some organophosphate ester hydraulic fluids (in the past and
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currently) and because they have important neurotoxic effects. Other individual components are discussed to a
limited extent because of the uncertainty in extrapolating to effects caused by the complete mixture. The toxicity
of these complex mixtures depends on interactions of all the components. Some components, when found
together, may act additively or synergistically to enhance toxic effects. Other components may be antagonistic
in combination, thus diminishing toxic effects. It cannot always be predicted how a mixture will behave based
on the toxicity of its individual components. However, the toxic characteristics of the

individual components may be an indicator of the potential toxicological responses of the mixture.

A few case studies have reported neurological effects in humans following exposure to hydraulic fluids that
probably contained organophosphorus compounds. Animal studies indicate that neurological effects are the
most clearly identified health hazard associated with exposure to hydraulic fluids containing
organophosphorus compounds. Because organophosphorus compounds are often added to fluids in which
mineral oil or polyalphaolefins are the principal components, concern for the development of neurological

effects is not restricted to fluids in which organophosphorus compounds are the principal components.

Acute exposure to many organophosphorus compounds can cause at least one of two types of neurological
effects: acute inhibition of acetylcholinesterase, an enzyme that controls transmission of nerve impulses at
synapses, and organophosphorus-induced delayed neuropathy (OPIDN), a slowly developing axonal
degeneration and demyelination in central and peripheral nerve tissues. Symptoms of acetylcholinesterase
inhibition develop quickly (within hours of exposure) and include salivation, vomiting, diarrhea, muscle
fasciculations, and general paralysis (see Table 2-10). OPIDN symptoms include weakness, ataxia, and
paralysis, and are thought to develop through a mechanism distinct from acetylcholinesterase inhibition.
Triaryl phosphates, particularly tri-ortho-cresyl phosphate (TOCP), are most closely associated with OPIDN,
and studies of structure-activity relations of organophosphate esters that produce OPIDN have provided
general relationships to predict neuropathy from chemical structure (Johanson 1977; Johnson 1990). It
should be noted that chickens, cats, dogs, and ruminants are generally considered to be better models for

human OPIDN than are rats, mice, and rabbits (see Section 2.3.5 for more details).

The number of organophosphate esters and similar compounds used in hydraulic fluids is considerable. A
core number (approximately 10) have been studied to some degree for toxicity. Though many hydraulic
fluids are proprietary mixes of several organophosphate esters as originally formulated, environmental
exposure to organophosphate esters is more complex because transformation to chemicals with greater or

lesser toxicity than the original product may occur with time. Individual esters and whole hydraulic fluid
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product toxicity is presented in Sections 2.2 through 2.5, because toxicological research has involved both.
Discussions on one closely related chemical, cyclotriphosphazene, are also provided because of structural and
functional similarities. TOCP was a component of several triaryl organophosphate ester based hydraulic
fluids, but was removed from formulations because of its toxicity. An attempt has been made to deemphasiz

TOCP as a hydraulic fluid component, but it is included to illustrate toxicological properties.

A glossary and list of acronyms, abbreviations, and symbols can be found at the end of this profile.

2.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

To help public health professionals and others address the needs of persons living or working near hazardous
waste sites, the information in this section is organized first by route of exposure-inhalation, oral, and dermal;
and then by health effect-death, systemic, immunological, neurological, reproductive,

developmental, genotoxic, and carcinogenic effects. These data are discussed in terms of three exposure

periods-acute (14 days or less), intermediate (15-364 days), and chronic (365 days or more).

Levels of significant exposure for each route and duration are presented in tables and illustrated in figures.

The points in the figures showing no-observed-adverse-effect levels (NOAELSs) or lowest-observed-
adverseeffect levels (LOAELSs) reflect the actual doses (levels of exposure) used in the studies. LOAELS have
been classified into “less serious” or “serious” effects. “Serious” effects are those that evoke failure in a
biological system and can lead to morbidity or mortality (e.g., acute respiratory distress or death). “Less serious”
effects are those that are not expected to cause significant dysfunction or death, or those whose significance to
the organism is not entirely clear. ATSDR acknowledges that a considerable amount of judgment may be
required in establishing whether an end point should be classified as a NOAEL, “less serious” LOAEL, or
“serious” LOAEL, and that in some cases, there will be insufficient data to decide whether the effect is
indicative of significant dysfunction. However, the Agency has established guidelines and policies that are used
to classify these end points. ATSDR believes that there is sufficient merit in this approach to warrant an attempt
at distinguishing between “less serious” and “serious” effects. The distinction between “less serious” effects and
“serious” effects is considered to be important because it helps the users of the profiles to identify levels of
exposure at which major health effects start to appear. LOAELs or NOAELSs should also help in determining
whether or not the effects vary with dose and/or duration, and place into perspective the possible significance of

these effects to human health.
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The significance of the exposure levels shown in the Levels of Significant Exposure (LSE) tables and figures
may differ depending on the user’s perspective. Public health officials and others concerned with appropriate
actions to take at hazardous waste sites may want information on levels of exposure associated with more subtle
effects in humans or animals (LOAEL) or exposure levels below which no adverse effects (NOAELSs) have been
observed. Estimates of levels posing minimal risk to humans (Minimal Risk Levels or MRLs) may be of interest

to health professionals and citizens alike.

Although methods have been established to derive MRLs (Barnes and Dourson 1988; EPA 1990),
uncertainties are associated with these techniques. Furthermore, ATSDR acknowledges additional
uncertainties inherent in the application of the procedures to derive less than lifetime MRLs. As an example,
acute inhalation MRLs may not be protective for health effects that are delayed in development or are
acquired following repeated acute insults, such as hypersensitivity reactions, asthma, or chronic bronchitis.
As these kinds of health effects data become available and methods to assess levels of significant human

exposure improve, these MRLs will be revised.

A User’s Guide has been provided at the end of this profile (see Appendix B). This guide should aid in the
interpretation of the tables and figures for Levels of Significant Exposure and the MRLs.

2.2.1 Inhalation Exposure

The NOAEL and LOAEL values for each effect after inhalation exposure are shown in Tables 2-1,2-2, and
2-3 and plotted in Figures 2-1,2-2, and 2-3 for mineral oil hydraulic fluids, organophosphate ester hydraulic
fluids, and polyalphaolefin hydraulic fluids, respectively.

2.2.1.1 Death

Mineral Oil Hydraulic Fluids. No studies were located regarding death in humans after inhalation exposure

to mineral oil hydraulic fluids.

Several water-in-oil emulsion hydraulic fluids (Houghto-Safe 5047F, Sunsafe F, Pyroguard A-443, and
Quintolubric 95830W) produced no deaths or clinical signs of toxicity in rats within 14 days of single 4-hour
exposures to aerosol concentrations ranging from 110 to 210 mg/m’ (Kinkead et al. 1987a, 1988). No deaths

were reported in Fischer-344 rats during a 90-day continuous exposure (23 hours/day) to 1 .0 mg/m’



Table 2-1. Levels of Significant Exposure to Mineral Oil Hydraulic Fluids - Inhalation

Sainad OIMNVYYHAAH

(Fischer- 344)

a Exposure/ LOAEL
Key o species/  Duration/ NOAEL Less serious Serious Reference
figure (strain)  Frequency  System  (mg/m3) (mg/m3) (mg/m3) Fluid Identity
ACUTE EXPOSURE
Systemic
Rat 4 hr Bd Wt 210 Kinkead et al.
(Fischer- 344) 1987a; Kinkead et
al. 1988
Houghto-Safe
5047F
Rat 6 hr Bd Wit 1148 Kinkead et al.
(Sprague- 1985
Dawley) Mit-H-5606
Rat 4 hr Bd Wt 110 Kinkead et al.
(Fischer- 344) 1987a; Kinkead et
al. 1988
Pyroguard A-443
Rat 4 hr Bd Wt 180 Kinkead et al.
(Fischer- 344) 1987a; Kinkead et
al. 1988
Quintolubric
95830W
Rat 4 hr Bd Wit 180 Kinkead et al.

1987a; Kinkead et
al. 1988

Sunsafe F

S103443 HATV3H ¢
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Table 2-1. Levels of Significant Exposure to Mineral Oil Hydraulic Fluids - Inhalation (continued)

a Exposure/ LOAEL
Keyto  Species/  Duration/ NOAEL Less serious Serious Reference
figure (strain)  Frequency  System  (mgim3) (mg/m3) (mg/m3) Fluid Identity
INTERMEDIATE EXPOSURE
Systemic ‘
6 Rat 90d - Resp 1.0 Kinkead et al.
(Fischer- 344) 23 hr/d 1991
Houghto-Safe
5047F
Cardio 1.0
Hepatic 1.0
Renal 1.0
Bd Wit 1.0

&7he number corresponds to entries in Figure 2-1.

Bd Wt = body weight; Cardio = cardiovascular; d = day(s); hr = hour(s); LOAEL = lowest-observed-adverse-effect level; NOAEL = no-observed-adverse-effect level, Resp = respiratory

S103443 H1TV3aH ¢

SaiNid ONNVYYHAAH
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Figure 2-1. Levels of Significant Exposure to Mineral Oil Hydraulic Fluids - Inhalation
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Figure 2-1. Levels of Significant Exposure to Mineral Oil Hydraulic Fluids - Inhalation
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Table 2-2. Levels of Significant Exposure to Organophosphate Ester Hydraulic Fluids - Inhalation

a Exposure/ LOAEL
Key to”  species/  Duration/ NOAEL Less serious Serious Reference
figure  (strain) Frequency System (mg/m3) (mgim3) {mg/m3) Fluid ldentity
ACUTE EXPOSURE
Systemic 4
1 Rat 4 hr Resp 6350 F Gaworski et al. 1986
(Sprague- Durad MP280
Dawley)
Hepatic 6350 F
Renal 6350 F
Bd Wt 6350 F
2 Rat 4 hr Resp 6310 F . Gaworski et al. 1986;
Kinkead et al. 1992a
(Sprague-
Dawley) Fyrquel 220
Hepatic 6310 F
Renal 6310 F
Bd Wt 6310 F
Neurological
3  Rat 4 hr 6190  (mild lethargy) Gaworski et al. 1986
(Sprague- Durad MP280
Dawley)
4 Rat 4 hr 5790  (mild lethargy) Gaworski et al. 1986;
Kinkead et al. 1992a
(Sprague-
Dawley) Fyrquel 220
5 Mouse 2-6 hr 363 M 757 M (24% decrease in whole Sutton et al. 1960
(Carworth blood cholinesterase) TPP
Farms CF-1)

SAIN1d ONNVYYAaAH

S103443 HLTV3H 2
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Table 2-2. Levels of Significant Exposure to Organophosphate Ester Hydraulic Fluids - Inhalation (continued)

a Exposure/ LOAEL
K?y to Species/  Duration/ NOAEL Less serious Serious Reference
figure (strain) Frequency System (mg/m3) {mg/m3) {mg/m3) Fluid ldentity
INTERMEDIATE EXPOSURE
Death '
6 Rabbit 90d 101 (8/8 died within 49 MacEwen and Vernot
(New days) 1983
Zealand) Durad MP280
7  Rabbit 90d 100  (3/8 died) MacEwen and Vernot
(New 1983
Zealand) Fyrquel 220
8 Rabbit 52-163 d 102 (3/3 died) Siegel et al. 1965
- (New TAP1
Zealand)
Systemic
9  Monkey 6 wk Resp 50 Siegel et al. 1965
(Squirrel) 5 diwk ' TAP1
8 hr/d Cardio 50
Hepatic 50
Renal 50
Bd Wt 25 (11% body weight loss)
10 Monkey 108 d Resp 4.4 Siegel et al. 1965
) TAP1
(Squirrel)
Cardio 4.4
Hepatic 44
Renal 4.4

S103443 HIVIH 2
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Table 2-2. Levels of Significant Exposure to Organophosphate Ester Hydraulic Fluids - Inhalation (continued)

a Exposure/ LOAEL
Keyto" species/  Duration/ NOAEL Less serious Serious Reference
figure  (strain)  Frequency System (mg/m3) (mgim3) {mg/m3) Fluid Identity
11 Rat 21d Resp 990 Kinkead et al.
(Fischer- 344) 5 d/wk ; ?i(gelg:kead et
6 hl'/d Cardio 990 cyclotriphos-
phazene
Gastro 990
Hemato 990
Musc/skel 990
Hepatic 990
Renal 240 (hyaline droplet
accumulation)
Endocr 990
Dermal 990
Ocular 990
Bd Wt 990
12 Rat 90d Resp 101 MacEwen and
(Fischer- 344) gﬁ:ggtl\;lgazaao
Cardio 101
Gastro 101
Hepatic 101
Hemato 10.3 101 (leukocytosis)
Musc/skel 10.3 101 (kyphosis)
Renal 101
Bd Wt 101

S103443 HLTV3H ‘¢

SaiN1d JIMNYYAAH
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Table 2-2. Levels of Significant Exposure to Organophosphate Ester Hydraulic Fluids - Inhalation (continued)

a Exposure/ LOAEL
Keyto"  Species/  Duration/ NOAEL Less serious Serious Reference
figure (strain) Frequency System (mg/m3) (mg/m3) (mg/m3) Fluid Identity
13 Rat 21d Resp 251 MacEwen and
(Fischer- 344) 5 d/iwk \(/;ernot 1k 98?; |
6 hr/d 19;38\Aéors ietal
Cardio 251 Durad MP 280
Hemato 251
Hepatic 251
Renal 251
Bd Wt 251
14 Rat 90d Hemato 10.3 101 M (leukocytosis) MacEwen and
(Fischer- 344 Durad MP280
Musc/skel 103 101 (kyphosis)
15 Rat 90d Resp 100 MacEwen and
(Fischer- 344) I\:/;rr(;v:;'12%803
Cardio 100
Gastro 100
Hemato 100
Musc/skel 10.1 - 100  (kyphosis)
Hepatic 100
Renal 100
Endocr 100
Dermal 100
Bd Wt 100
16 Rat 21d Resp 260 MacEwen and
(Fischer- 344) 5 d/wk \ézwg:sL?Be?;al
6 hr/d 1986 .
. Cardio 260 Fyrquei 220
! Hemato 260
Hepatic 260
Bd Wt 260

S103443 H1TV3H ¢

SaiN1d JINMNVYEAAH
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Table 2-2. Levels of Significant Exposure to Organophosphate Ester Hydraulic Fluids - Inhalation (continued)

a Exposure/ LOAEL
K?y to"  Species/  Duration/ NOAEL Less serious Serious Reference
figure  (strain)  Frequency System (mg/m3) {mg/m3) {mg/m3) Fluid identity
17 Rat 6or13wk Resp 5.3 100 (nasal discharge) Healy et al. 1992;
(Crl:CD 5 diwk Monsanto 1987a, 1987b,
(SD)BR) 6 hrid’ 1S?<33rol 500B-4
Cardio 300
Gastro 300
Hemato 100 300 (decreased RBC,
hematocrit, hemoglobin
levels)
Musc/skel 300
Hepatic 100 300 (mild hepatocellular
vacuolation and
increased liver weight)
Renal 300
Endocr 300
Ocular 300
Dermal 300
Bd Wt 300
18 Rat 36-163 d Resp 110 Siegel et al. 1965
(Long- Evans) TAP1
Cardio 110
Hepatic 110
Renal 110
19 Hamster 90 d Resp 101 M MacEwen and Vernot
(Golden) ; I13?18r2d MP280
Cardio 101 M
Gastro 101 M
Hepatic 101 M
! Renal 101 M
Endocr 101 M
Dermal 101 M
Bd Wt 101 M

S103443 HLTV3H ¢

SaiNTd ONNVHAAH
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Table 2-2. Levels of Significant Exposure to Organophosphate Ester Hydraulic Fluids - Inhalation (continued)

. Exposure/ LOAEL
Keyto"  species/  Duration/ NOAEL Less serious Serious Reference
figure  (strain) Frequency System (mg/m3) (mg/m3) (mg/m3) Fluid Identity
20 Hamster 21d Resp 251 M MacEwen and Vernot
(Goliden 5 diwk 1983; Gaworski et al.
Cardio 251 M
Hepatic 251 M
Renal 251 M
Endocr 251 M
Bd Wt 251 M
21 Hamster 90d Resp 100 M I;AgascaEwen and Vernot
(Golden)
Cardio 100 M Fyrquel 220
Gastro 100 M
Hepatic 100 M
Renal 100 M
Endocr 100 M
Dermal 100 M
Bd Wt 100 M
22 Hamster 21d Resp 260 M MacEwen and Vernot
(Golden 5 d/iwk 1222 Gaworski et al.
Syrian) 6 hr/d
Cardio 260 M Fyrquel 220
Hepatic 260 M
Renal 260 M
Bd wt 260 M
23 Dog 30d Resp 50 Siegel et al. 1965
(Beagle) 8 hr/d | TAP1
5 diwk’ Cardio 50
Hepatic 50
Renal 50
Bd Wt 25 50 (1-10% loss of body

weight)

S103443 HLTV3H 2

SaiN14d DNNYHAAH
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Table 2-2. Levels of Significant Exposure to Organophosphate Ester Hydraulic Fluids - Inhalation (continued)

a Exposure/ LOAEL
Kf’y to"  species/  Duration/ NOAEL Less serious Serious Reference
figure  (strain)  Frequency System {mg/m3) (mg/m3) (mg/m3) Fluid Identity
24 Dog’ - 36-136 d Resp 103 Siegel et al. 1965
(Beagle) TAP1
Cardio 103
Hepatic 103
Renal 103
25 Rabbit 90d Resp 101 ,1\/'938C3Ewen and Vernot
(Zr::f;nd) Durad MP280
Cardio 101
Gastro 101
Hepatic 101
Renal 101
Endocr 101
Dermal 101
26 Rabbit 21d Resp 251 MacEwen and Vernot
(New 5 d/iwk 1983; Gaworski et al.
Zealand) 6 hrid 1Dgu?gd MP280
Cardio 251
Hemato 251
Hepatic 251
Renal 251
Endocr 251
Bd Wt 251

S103443 HIMV3IH ¢

Saini4d OINMNVYYAAH
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Table 2-2. Levels of Significant Exposure to Organophosphate Ester Hydraulic Fluids - Inhalation (continued)

a Exposure/ LOAEL
Kf?yut:; Spec'lesl Duration/ NOAEL Less serious Serious Reference
9 (strain) Frequency System (mg/m3) (mg/m3) (mg/m3) Fluid Identity
27 Rabbit  90d. Resp 100 MacEwen and Vernot
(New ’ 1983
Zealand) Fyrquel 220
Cardio 100
Gastro 100
Hepatic 100
Renal 100
Endocr 100
Dermal 100
28 Rabbit 21d Resp 260 MacEwen and Vernot
(New 5 diwk 1983; Gaworski et al.
Zealand) 6 hr/d 1986
Cardio 260 Fyrquel 220
Gastro 26  (transient diarrhea)
Hemato 260
Hepatic 260
Renal 260
Bd Wt 260
Immunological/Lymphoreticular
29 Rat 21d 990 Kinkead et al. 1990;
(Fischer- 344) 5 d/wk Kinkead et al. 1989a
6 hr/d cyclotriphosphazene
30 Rat v 21d 251 MacEwen and Vernot
(Fischer- 344) 5 d/wk 1983; Gaworski et al.
6 hr/d 1986
Durad MP280
31 Rat 21d ' 260 MacEwen and Vernot
(Fischer- 344) 5 d/wk 1983; Gaworski et al.
6 hr/d 1986

Fyrquel 220

S103443 HIV3H ¢
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Table 2-2. Levels of Significant Exposure to Organophosphate Ester Hydraulic Fluids - Inhalation {(continued)

a Exposure! LOAEL
K‘ey to SPeC_iGS/ Duration/ NOAEL Less serious Serious Reference
figure  (strain) Frequency System (mg/m3) (mg/m3) (mg/m3) Fluid Identity

32 Rat 6 or 13wk 300 Healy et al. 1992;
(Crl:CD 5 d/wk l;/lgosngsanto 1987a, 1987b,
(SDIBR) 6 hr/d Skydrot 500B-4

33 Hamster 21d 251 M MacEwen and \./emOt
(Golden 5 d/wk 1822 Gaworski et al.
Syrian) 6 hr/d Durad MP280

34 Hamster 90d 100 M MacEwen and Vernot

1983

(Golden) Fyrquel 220

35 Hamster 21d 260 M MacEwen and \/ernot
(Golden 5 diwk- 1983; Gaworski et al.
Syrian) 6 hr/d ;3?§uel 220

36 Rabbit 90d 101 MgascaEwen and Vernot

1

(New
Zealand) Durad MP280

37 Rabbit 21d 251 MacEwen and \/ernot
(New 5 diwk 1983; Gaworski et al.
Zealand) 6 hr/d gﬁgd MP280

38 Rabbit 90 d 100 r1\llga8c3Ewen and Vernot
(New
Zealand) Fyrquel 220

39 Rabbit 21d 260 MacEwen and Vernot
(New 5 d/wk 1983; Gaworski et al.
Zealand) 6 hr/d! 1986

Fyrquel 220

S103443 HIV3H ¢

SAiNT3 OIMNYHAAH
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Table 2-2. Levels. of Significant Exposure to Organophosphate Ester Hydraulic Fluids - Inhalation (continued)

Key to® Exposure/ LOAEL
f?yur?a Species/  Duration/ NOAEL Less serious Serious Reference
9 {strain)  Frequency System (mg/m3) {mg/m3) {mg/m3) Fluid Identity
Neurological .
40 Monkey 108 d. 4.4 Siegel et al. 1965
(Squirret) TAP1
41  Monkey 30 x 50 Siegel et al. 1965
(Squirrel) 5 d/wk TAP1
8 hr/d
42 Rat 21d 990 Kinkead et al 1990;
(Fischer- 344) 5 d/wk Kinkead et al. 1989a
6 hrid cyclotriphosphazene
43 Rat 90d 10.3 101 M (kyphosis; decline in MacEwen and Vernot
(Fischer- 344) tail tip curl) 1983
Durad MP280
44 Rat 90d 10.1 100  (kyphosis, decline in ~ MacEwen and Vernot
(Fischer- 344) tail tip curl) 1983
Fyrquel 220
45 Rat 6 or 13 wk 100 300 (excessive salivation) Healy et al. 1992;
(Crl:CD 5 diwk Monsanto 1887a, 1987b,
(SD)BR) 6 hr/d 1989
Skydrol 500B-4
46 Rat 36-163 d 110 Siegel et al. 1965
(Long- Evans) continuous TAP1
47 Hamster 90d 101 M MacEwen and Vernot
(Golden) 1983
Durad MP280
48 Hamster 90d 100 M MacEwen and Vernot
(Golden) ! 1983
Fyrquel 220
49 Dog 36-163 d 103 Siegel et al. 1965
(Beagle) TAP1

S103443 HLTV3H ¢

SAIN14 DNNYYAAH
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Table 2-2. Levels of Significant Exposure to Organophosphate Ester Hydraulic Fluids - Inhalation (continued)

a Exposure/ LOAEL
K?y to Species/  Duration/ NOAEL Less serious Serious Reference
figure (strain) Frequency System (mg/m3) {mg/m3) (mg/m3) Fluid ldentity
50 Rabbit 90d . 10.3 101 (cachexia, head MacEwen and Vernot
(New droop, anorexia, and 1983
Zealand) - lethargy) Durad MP280
51 Rabbit 90d 100 MacEwen and Vernot
1983
{New
Zealand) Fyrquel 220
52 Rabbit 52-163 d 34 v 102 (hind limb paralysis in Siegel et al. 1965
(New 3/3 rabbits) TAP1
Zealand)
53 Chicken 36-163 d 44 F 23 F (severe delayed Siegel et al. 1965
(White neuropathy in 2/7 TAP1
Vantress) hens)

Reproductive

54 Rat 21d 990
(Fischer- 344) 5 d/wk
5 hr/d
55 Rat 90 d 10.3 101 M (testicular atrophy)

(Fischer- 344)

56 Rat 90d 100
(Fischer- 344)

57 Rat 13 wk 300
(Cr:CD(SD) 5 diwk

BR) 6 hr/d
t

Kinkead et al. 1990;
Kinkead et al. 1989a
cyclotriphosphazene

MacEwen and Vernot
1983
Durad MP280

MacEwen and Vernot
1983
Fyrquel 220

Healy et al. 1992;

Monsanto 1987a, 1987b,

1989
Skydrol 500B-4

a
The number corresponds to entries in Figure 2-2.

Bd Wt = body weight; Cardio = cardiovascular; d = day(s); Endocr = endocrine; exp. = exposure(s); F = female; Gastro = gastrointestinal; Hemato = hematological; LOAEL =
lowest-observed-adverse-effect level; M = male; Musc/skel = musculoskeletal; NOAEL = no-observed-adverse-effect level; RBC = red blood cell; Resp = respiratory; TAP1 =

triaryl phosphate hydraulic fluid (TAP1 is similar, if not identical, to Cellulube 220); TPP = triphenyl phosphate; wk = week(s); x = times.
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Figure 2-2. Levels of Significant Exposure to Organophosphate Ester Hydraulic Fluids
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Figure 2-2. Levels of Significant Exposure to Organophosphate Ester Hydraulic Fluids
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Figure 2-2. Levels of Significant Exposure to Organophosphate Ester Hydraulic Fluids
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Figure 2-2. Levels of Significant Exposure to Organophosphate Ester Hydfaulic Fluids
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Figure 2-2. Levels of Significant Exposure to Organophosphate Ester Hydraulic Fluids
Inhalation (cont.)
Intermediate (15-364 days)
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Table 2-3. Levels of Significant Exposure to Polyalphaolefin Hydraulic Fluids - Inhalation

a Exposure/ LOAEL
Keyto gpecies/  Duration/ NOAEL Less serious Serious Reference
figure (strain)  Frequency System  (mg/m3) (mgim3) (mg/m3) Fluid Identity
ACUTE EXPOSURE,
Death
Rat 4 hr 1620 M (LCso) Kinkead et al.
(Sprague- 1390 F (LCso) 1987b
Dawley) (B85-174)
Rat 4 hr 6430  (9/10 died) MacEwen and
(Sprague- Vernot 1983
Dawley) (DTNSRDC
N501)
Rat 4 hr 2390 M (LCso) MacEwen and
(Sprague- 1670 F (LCs0) Vernot 1983
Dawley) (DTNSRDC
N501)
Rat 4 hr 2130 M (LCs0) Kinkead et al.
(Fischer- 344) 1500 F (LCso) 1992b
(MIL-H-83282LT)
Systemic
Rat 4 hr Resp 880 (congested lungs, bloody  Kinkead et at.
(Sprague- nasal discharge, rapid and  1987b
Dawley) shallow breathing) (B85-174)
Musc/skel 880  (kyphosis)
Rat 4 hr Bd Wit 5430 MacEwen and
(Sprague- Vernot 1883
Dawley) (DTNSRDC
N517)
Rat 4 hr Bd Wt 5350 MacEwen and
(Sprague- Vernot 1983
Dawley) (DTNSRDC
N518)
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Table 2-3 Levels of Significant Exposure to Polyalphaolefin Hydraulic Fluids - Inhalation (continued)

a Exposure/ LOAEL
Keyto species/ Duration/ NOAEL Less serious Serious Reference
figure (strain) Frequency System (mg/m3) (mg/m3) (mg/m3) Fluid Identity

8 Rat 4 hr Bd Wt 10720 MacEwen and
(Sprague- Vernot 1983
Dawley) (DTNSRDC

N448)

9 Rat 4 hr Resp 6430 (labored breathing) MacEwen and
(Sprague- Vernot 1983
Dawley) (DTNSRDC

N501)

10 Rat 4 hr Bd Wit 5330 MacEwen and
(Sprague- Vernot 1983
Dawley) (DTNSRDC

N525)

11 Rat 4 hr Bd Wit 5470 MacEwen and
(Sprague- Vernot 1983
Dawley) (DTNSRDC

N527)

12 Rat 6 hr Bd wit 1130 Kinkead et al.
{Sprague- 1985
Dawley) (MIL-H-83282)

13 Rat 4 hr Resp 1120  (severe acute irritation of Kinkead et al.
(Fischer- 344) the respiratory system, 1992b

perivascular and (MIL-H-83282LT)
peribronchial edemay)
Neurological

14 Rat 4 hr 6430 (lethargy) MacEwen and
(Sprague- Vernot 1983
Dawley) (DTNSRDC

.N501)

%The number corresponds to entries in Figure 2-3.

Bd Wt = body weight; F = female; hr = hour(s); LCs = lethal concentration, 50% kill; LOAEL = lowest-observed-adverse-effect-level; M = male; Musc/skel = musculoskeletal; NOAEL =
no-observed-adverse-effect level;, Resp = respiratory
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Figure 2-3. Levels of Significant Exposure to Polyalphaolefin Hydraulic Fluids - Inhalation
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Houghto-Safe 5047F (Kinkead et al. 1991). A U.S. military fluid designated as MLH-5606 likewise
produced no deaths in rats within 14 days of single 6-hour exposures to an aerosol concentration of

1,148 mg/m’ (Kinkead et al. 1985). Additional information on lethality of mineral oil hydraulic fluids in
animals after inhalation exposure was not located. The available mineral oil hydraulic fluid studies
(presented in Table 2-1 and Figure 2-1) were not designed to examine lethality, and probably did not use high

enough concentrations to cause death.

Organophosphate Ester Hydraulic Fluids. No studies were located regarding death in humans after

inhalation exposure to organophosphate ester hydraulic fluids.

Single 4-hour exposures to aerosols of U.S. military fluids Durad MP280 and Fyrquel 220 produced no deaths in
male rats at respective concentrations of 6,190 and 5,790 mg/m3 and female rats exposed to 6,350 and 6,310
mg/m’, respectively (Gaworski et al. 1986; Kinkead et al. 1992a). Daily 4-hour exposures over an 1 l-day period
caused death to a single rabbit exposed to 2,000 mg/m’ of Cellulube 220 (Carpenter et al. 1959).

Intermediate-duration inhalation exposures to aerosols of a few organophosphate ester hydraulic fluids

(Durad MP280 and trial phosphate ester”’) produced lethal neurotoxic effects in chickens and rabbits
(MacEwen and Vemot 1983; Siegel 1965). Rats and hamsters appear to be less susceptible to the neurotoxic
action of organophosphate esters; tests of several organophosphate fluids produced no deaths in rats exposed to

substantial aerosol concentrations.

Aerosols of Cellulube 220 produced deaths associated with severe dyspnea and mild diarrhea in one of two
rabbits exposed to 2,000 mg/m’ for <4 hours/day, 5 days/week for 11 or 22 days (Carpenter et al. 1959).
Continuous exposure for ~30-160 days to aerosols of a triaryl phosphate U.S. military hydraulic fluid (see
Table 3-2), at concentrations <110 mg/m’, produced no deaths in dogs or rats, but deaths associated with

severe neurotoxic symptoms occurred in chickens exposed to concentrations >23 mg/m’ and in rabbits

exposed to 102 mg/m’ (Siegel et al. 1965). Aerosols of Durad MP280 or Fyrquel 220 (continuous exposure

for 90 days) produced no deaths in rats or hamsters exposed to 100 mg/m’. Deaths associated with lethargy,
cachexia, and head droop occurred in rabbits exposed to 101 mg/m’ Durad MP280, but not in rabbits exposed to
100 mg/m’ Fyrquel 220 (MacEwen and Vemot 1983). Some of the Durad MP280-exposed

rabbits were also infected with Pasteurella, which may have contributed to neurological symptoms. No

deaths occurred in rats exposed to cyclotriphosphazene at 990 mg/m’, 6 hours/day, 5 days/week for 21 days
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(Kinkead et al. 1989a, 1990) or in rats exposed to aerosols of Skydrol 500B-4 at concentrations <300 mg/m”, 6
hours/day, 5 days/week for 13 weeks (Healy et al. 1992; Monsanto 1987a, 1987b, 1989). The LOAEL values for
death are presented in Table 2-2 and Figure 2-2.

Polyalphaolefin Hydraulic Fluids. No studies were located regarding death in humans after inhalation
exposure to polyalphaolefin hydraulic fluids.

The LCs, values (single 4-hour exposures) for male and female rats, respectively, were determined for several
U.S. military polyalphaolefin hydraulic fluids as follows: DTNSRDC N501, 2, 390 and 1,670 mg/m’
(MacEwen and Vemot 1983); MIL-H-83282LT, 2,130 and 1,500 mg/m’ (Kinkead et al. 1992b); and
B85-174, 1,620 and 1,390 mg/m3 (Kinkead et al. 1987b). Kinkead et al. (1992b) speculated from
observations of pulmonary edema in the dead rats that deaths were caused by acute respiratory irritation.
Several other U.S. military fluids produced no deaths in rats within 14 days of single 4-hour exposures to the
following aerosol concentrations: DTNSRDC N527, 5, 470 rng/rn3; DTNSRDC N448, 10, 720 mg/m3;
DTNSRDC N518,5,350 mg/m’; DTNSRDC N517, 5, 430 mg/m’; and DTNSRDC N525, 5, 470 mg/m’
(MacEwen and Vemot 1983). These acute-duration LOAEL values for death are recorded in Table 2-3 and
Figure 2-3.

2.2.1.2 Systemic Effects

The highest NOAEL values and all LOAEL values from each reliable study for systemic effects in each
species and duration category are recorded in Tables 2-1,2-2, and 2-3 and plotted in Figures 2-1,2-2, and

2-3 for mineral oil hydraulic fluids, organophosphate ester hydraulic fluids, and polyalphaolefin hydraulic
fluids, respectively. Data for systemic effects (respiratory, cardiovascular, gastrointestinal, hematological,
musculoskeletal, hepatic, renal, dermal, and ocular) from chicken studies were not presented in the LSE tables
or figures because the appropriateness of nonmammalian models for human systemic effects is not known.
However, chickens have been shown to be a sensitive species for neurological effects, and data from chickens

are included in both the LSE tables and figures.

Respiratory Effects.

Mineral Oil Hydraulic Fluids. No studies were located regarding respiratory effects in humans after

inhalation exposure to mineral oil hydraulic fluids.
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Histopathological examination of the lungs from male and female Fischer 344 rats exposed to <1.0 mg/m’ of the
water-in-oil emulsion hydraulic fluid Houghto-Safe 5047F for 90 days, 23 hours/day, showed no

treatment-related lesions (Kinkead et al. 1991).

Organophosphate Ester Hydraulic Fluids. No studies were located regarding respiratory effects in

humans after inhalation exposure to organophosphate ester hydraulic fluids.

Single 4-hour exposures to aerosols of U.S. military fluids Durad MP280 and Fyrquel220 produced no

adverse respiratory effects in male Sprague-Dawley rats at respective concentrations of 6,190 and

5,790 mg/m’ and female Sprague-Dawley rats exposed to 6,350 and 6,310 mg/m’, respectively (Gaworski et al.
1986; Kinkead et al. 1992a). Acute exposure to ~6,300 mg/m’ of Fyrquel 220 (Gaworski et al. 1986;

Kinkead et al. 1992a) or Durad MP280 (Gaworski et al. 1986) did not result in respiratory tract damage in

rats.

Following intermediate-duration exposure to organophosphate ester hydraulic fluids, reversible rapid
respirations were observed in rabbits exposed to 2,000 mg/m’ of a triaryl phosphate hydraulic fluid
(Cellulube 220) (Carpenter et al. 1959) and reddish nasal discharge (likely to be indicative of respiratory tract
irritation) was observed in rats exposed to 100 mg/m® of Skydrol 500B-4 (Healy et al. 1992; Monsanto
1987a, 1987b, 1989). The NOAEL for nasal discharge was 5.3 mg/m’. Most studies that examined the
respiratory tract did not find gross or histological alterations. Intermediate-duration exposure of rats, rabbits,
dogs, hamsters, or monkeys to Fyrquel 220 (Gaworski et al. 1986; MacEwen and Vemot 1983), Durad
MP280 (Gaworski et al. 1986; MacEwen and Vemot 1983), and triaryl phosphate (Siegel et al. 1965) also
did not result in adverse respiratory tract effects. The NOAEL values following intermediate-duration
exposure ranged from 100 to 260 mg/m” for rats, 50 to 260 mg/m” for rabbits, 50 to 103 mg/m’ for dogs,
100 to 260 mg/m’® for hamsters, and 4.4 to 50 mg/m’ for monkeys. It should be noted that the 90-day
NOAELs for Durad MP280 and Fyrquel 220 in rats, hamsters, and rabbits were based on gross pathology
only (MacEwen and Vemot 1983). Intermediate-duration exposure to 990 mg/m’ cyclotriphosphazene had
no adverse respiratory effects on rats (Kinkead et al. 1989a, 1990). No chronic-duration inhalation studies

examining the respiratory tract were located.

Polyalphaolefin Hydraulic Fluids. No studies were located regarding respiratory effects in humans after

inhalation exposure to polyalphaolefin hydraulic fluids.
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Certain polyalphaolefin hydraulic fluids appear to be respiratory tract irritants in animals. Bloody nasal
discharge, rapid and shallow breathing, and lung congestion have been observed in rats exposed to

880 mg/m’ of a polyalphaolefin hydraulic fluid designated as B85-174 for 4 hours (Kinkead et al. 1987b).
Exposure to a lethal concentration (1,120 mg/m’) of a polyalphaolefin designated as MIL-H-83282LT
resulted in perivascular and peribronchial edema in rats (Kinkead et al. 1992b). Labored breathing has also
been observed in rats exposed for 4 hours to a lethal concentration (6,430 mg/m’) of a polyalphaolefin
hydraulic fluid designated as DTNSRDC N501 (MacEwen and Vet-not 1983). No longer-term studies

examining respiratory effects were located.

Cardiovascular Effects.

Mineral Oil Hydraulic Fluids. No studies were located regarding cardiovascular effects in humans after

inhalation exposure to mineral oil hydraulic fluids.

Histopathological examination of the heart from male and female Fischer 344 rats exposed to <1 .0 mg/m’ of the
water-in-oil emulsion hydraulic fluid Houghto-Safe 5047F for 90 days, 23 hours/day, showed no treatment-
related lesions (Kinkead et al. 1991).

Organophosphate Ester Hydraulic Fluids. No studies were located regarding cardiovascular effects in

humans after inhalation exposure to organophosphate ester hydraulic fluids.

Following intermediate-duration exposure, no cardiovascular effects were observed in rats, rabbits, hamsters,
dogs, or monkeys exposed to Durad MP280 (Gaworski et al. 1986; MacEwen and Vemot 1983), Fyrquel220
(Gaworski et al. 1986; MacEwen and Vemot 1983), Skydrol 500B-4 (Healy et al. 1992; Monsanto 1987a,
1987b, 1989), cyclotriphosphazene (Kinkead et al. 1989a, 1990), Cellulube 220 (Carpenter et al. 1959) or triaryl
phosphate hydraulic fluids (Siegel et al. 1965). The ranges of NOAEL values were 100-260 mg/m’ for rats, 251-
2,000 mg/m’ for rabbits, 100-260 mg/m’ for hamsters, 50-103 mg/m’ for dogs, and 4.4-50 mg/m’ for monkeys.
It should be noted that the 90-day NOAELs for Durad MP280 arid Fyrquel 220 in rats, hamsters, and rabbits
were based on gross pathology only (MacEwen and Vemot 1983). Intermediate-duration exposure to 990 mg/m’
cyclotriphosphazene had no adverse cardiovascular effects on rats (Kinkead et al. 1989a, 1990). No studies

examining cardiovascular end points following acute-or chronic-duration inhalation exposure were located.
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Polyalphaolefm Hydraulic Fluids. No studies were located regarding cardiovascular effects in humans or

animals after inhalation exposure to polyalphaolefin hydraulic fluids.

Gastrointestinal Effects.

Mineral Oil Hydraulic Fluids. No studies were located regarding gastrointestinal effects in humans or

animals after inhalation exposure to mineral oil hydraulic fluids.

Organophosphate Ester Hydraulic Fluids. No studies were located regarding gastrointestinal effects in

humans after inhalation exposure to organophosphate ester hydraulic fluids.

Mild diarrhea was reported for an acute-duration study on a single rabbit exposed to Cellulube 220

(Carpenter et al. 1959), and transient diarrhea was reported in rabbits exposed to 26 mg/m’ Fyrquel 220 for

21 days for 6 hours a day (Gaworski et al. 1986; MacEwen and Vernot 1983). In most studies, diarrhea

and/or gross or histological alterations in the gastrointestinal tract have not been observed in rats, rabbits, or
hamsters exposed to organophosphate ester hydraulic fluids for an intermediate duration. NOAEL values of
100-260 mg/m3, 100-2,000 mg/rn3, and 100-101 rng/rn3 in rats, rabbits, and hamsters, respectively, exposed to
Durad MP280 (Gaworski et al. 1986; MacEwen and Vemot 1983), Fyrquel220 (Gaworski et al. 1986; MacEwen
and Vemot 1983), and Skydrol 500B-4 (Healy et al. 1992; Monsanto 1987a, 1987b, 1989). It should be noted
that the 90-day NOAELs for Durad MP280 and Fyrquel 220 in rats, hamsters, and rabbits were based on gross
pathology only (MacEwen and Vemot 1983). Cellulube 220 exposure in rabbits was associated with salivation,
although this may have been a neurological response (Carpenter et al. 1959). Intermediate-duration exposure to
990 mg/m’ cyclotriphosphazene had no adverse gastrointestinal effects on rats (Kinkead et al. 1989a, 1990). No

chronic-duration inhalation studies examining gastrointestinal end points were located.

Polyalphaolefin Hydraulic Fluids. No studies were located regarding gastrointestinal effects in humans or

animals after inhalation exposure to polyalphaolefin hydraulic fluids.

Hematological Effects.

Mineral Oil Hydraulic Fluids. No studies were located regarding hematological effects in humans or

animals after inhalation exposure to mineral oil hydraulic fluids.
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Organophosphate Ester Hydraulic Fluids. In a study of nonspecific monocyte esterase staining, humans
who were exposed to aryl phosphates occupationally showed very slight esterase inhibition (Mandel et al.

1959).

Two studies reported hematological effects in animals exposed to organophosphate ester hydraulic fluids for
an intermediate duration. Significant decreases in erythrocyte, hemoglobin, and hematocrit levels were
observed in rats exposed to 300 mg/m’ of Skydrol 500B-4 (Healy et al. 1992; Monsanto 1987a, 1987b,
1989), and leukocytosis was observed in male rats exposed to 101 mg/m’ Durad MP280 (MacEwen and
Vemot 1983). The NOAEL values for these studies were 100 mg/m’ for Skydrol 500B-4 and 10.3 mg/m’ for
Durad MP280.

A number of other animal studies have monitored hematological parameters, but have not found biologically
significant alterations. The identified highest NOAEL values following intermediate exposure identified in
other studies are 251 mg/m’ for rats and rabbits exposed to Durad MP280 (Gaworski et al. 1986; MacEwen and
Vemot 1983), 260 mg/m’ for rats and rabbits exposed to Fyrquel 220 (Gaworski et al. 1986; MacEwen and
Vemot 1983), and 990 mg/m’ for rats exposed to cyclotriphosphazene (Kinkead et al. 1989a, 1990).

Polyalphaolefin Hydraulic Fluids. No studies were located regarding hematological effects in humans or

animals after inhalation exposure to polyalphaolefin hydraulic fluids.

Musculoskeletal Effects.

Mineral Oil Hydraulic Fluids. No studies were located regarding musculoskeletal effects in humans or

animals after inhalation exposure to mineral oil hydraulic fluids.

Organophosphate Ester Hydraulic Fluids. No studies were located regarding musculoskeletal effects in

humans after inhalation exposure to organophosphate ester hydraulic fluids.

In animals, the only musculoskeletal effect observed was kyphosis, a deformity of the spine characterized by
extensive flexion. Kyphosis was observed in rats exposed to 100 mg/m’ of Fyrquel 220 and 101 mg/m’® of
Durad MP280 for an intermediate duration (MacEwen and Vemot 1983). The kyphosis was not observed at
~10 mg/m’. It is not known whether the kyphosis was due to neurological or musculoskeletal damage. See

Section 2.2.1.4 for more information on the neurological effects of organophosphate ester hydraulic fluids.
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Following intermediate-duration exposure, no histological damage was observed in the skeletal muscle of rats
exposed to 990 mg/m” of cyclotriphosphazene (Kinkead et al. 1989a, 1990) or rabbits exposed to

2,000 mg/m’ of Cellulube 220 (Carpenter et al. 1959). Similar results were found in rats exposed to <300 mg/m’
of Skydrol 500B-4 (Healy et al. 1992; Monsanto 1987a, 1987b, 1989).

Polyalphaolefin Hydraulic Fluids. No studies were located regarding musculoskeletal effects in humans

after inhalation exposure to polyalphaolefin hydraulic fluids.

Kyphosis, a deformity of the spine characterized by extensive flexion, was observed in rats exposed to 880-
5030 mg/m’ of a polyalphaolefin hydraulic fluid designated as B85-174 for 4 hours (Kinkead et al. 1987b). The
authors did not specify at which concentration the kyphosis occurred. It is not known whether the kyphosis was
due to neurological or musculoskeletal damage. See Section 2.2.1.4 for more information on the neurological

effects of polyalphaolefin hydraulic fluids. No longer-term inhalation exposure studies were located.

Hepatic Effects.

Mineral Oil Hydraulic Fluids. No studies were located regarding hepatic effects in humans after inhalation

exposure to mineral oil hydraulic fluids.

Histopathological examination of the liver from male and female Fischer 344 rats exposed to <1.0 mg/m’ of the
water-in-oil emulsion hydraulic fluid Houghto-Safe 5047F for 90 days, 23 hours/day, showed no
treatment-related lesions (Kinkead et al. 1991).

Organophosphate Ester Hydraulic Fluids. No studies were located regarding hepatic effects in humans

after inhalation exposure to organophosphate ester hydraulic fluids.

Following acute exposure, a NOAEL of 6,350 mg/m’ has been identified in rats exposed to Durad MP280
(Gaworski et al. 1986), and 6,310 mg/m” in rats exposed to Fyrquel 220 (Gaworski et al. 1986; Kinkead et

al. 1992a). Significant increases in absolute and/or relative liver weights have been observed in rats exposed to
100 or 260 mg/m’ of Fyrquel220 (Gaworski et al. 1986; MacEwen and Vernot 1983) and 101 or

25 1 mg/m’ of Durad MP280 (Gaworski et al. 1986; MacEwen and Vernot 1983) for intermediate durations.

However, histological alterations have not been observed in rats, rabbits, hamsters, dogs, monkeys, or
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chickens exposed to Durad MP280 (Gaworski et al. 1986; MacEwen and Vemot 1983), Fyrquel 220
(Gaworski et al. 1986; Kinkead et al. 1992a; MacEwen and Vemot 1983), Skydrol 500B-4 (Healy et al.

1992; Monsanto 1987a, 1987b, 1989) Cellulube 220 (Carpenter et al. 1959) and triaryl phosphate (Siegel et

al. 1965). Thus, the changes in liver weight were not considered adverse. Mild hepatocellular vacuolation

and significant increases in absolute and relative liver weights were observed in rats exposed to 300 mg/m’
Skydrol 500B-4 for 13 weeks; no hepatic effects were observed in the 100 mg/m® group (Healy et al. 1992;
Monsanto 1987a, 1987b, 1989). The authors noted that since there were no other histological alterations in

the liver or changes in hepatic serum enzymes at any concentration, these effects were not considered adverse.
No hepatic effects were observed in other intermediate-duration inhalation studies. The NOAEL values for liver
effects following intermediate-duration exposure to organophosphate ester hydraulic fluids are 100-260 mg/m’
for rats, 251-2,000 mg/m’ for rabbits, 100-260 mg/m® for hamsters, 50-103 mg/m” for dogs, and 4.4-50 mg/m’
for monkeys. It should be noted that the 90-day NOAELSs for Durad MP280 and Fyrquel220 in rats, hamsters,
and rabbits were based on gross pathology only (MacEwen and Vemot 1983). Intermediate-duration exposure
to 990 mg/m’ cyclotriphosphazene had no adverse hepatic effects on rats (Kinkead et al. 1989a, 1990). No

chronic exposure studies examining hepatic end points were located.

Polyalphaolefin Hydraulic Fluids. No studies were located regarding hepatic effects in humans or animals

after inhalation exposure to polyalphaolefin hydraulic fluids.

Renal Effects.

Mineral Oil Hydraulic Fluids. No studies were located regarding renal effects in humans after inhalation

exposure to mineral oil hydraulic fluids.

Histopathological examination of the kidneys from male and female Fischer 344 rats exposed to <1.0 mg/m’ of
the water-in-oil emulsion hydraulic fluid Houghto-Safe 5047F for 90 days, 23 hours/day, showed no treatment-
related lesions (Kinkead et al. 1991).

Organophosphate Ester Hydraulic Fluids. No studies were located regarding renal effects in humans after

inhalation exposure to organophosphate ester hydraulic fluids.
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No gross or histological alterations were observed in the kidneys of rats exposed to 6,350 mg/m’ of Durad
MP280 (Gaworski et al. 1986) or to 6,310 mg/m’ of Fyrquel 220 (Gaworski et al. 1986; Kinkead et al.

1992a) for single 4-hour periods. Significant increases in absolute and relative kidney weights were observed in
rats exposed to 100 mg/m’ of Fyrquel 220 for an intermediate duration (MacEwen and Vemot 1983). However,
no gross or histological lesions were observed at this or a higher concentration (260 mg/m”) for a shorter
duration (Gaworski et al. 1986; MacEwen and Vemot 1983). Thus, this change in kidney weight was not
considered adverse. A number of intermediate-duration studies have identified NOAEL values in rats, rabbits,
hamsters, dogs, monkeys, and chickens exposed to Durad MP280 (Gaworski et al. 1986; MacEwen and Vemot
1983), Fyrquel 220 (Gaworski et al. 1986; MacEwen and Vemot 1983), Skydrol 500B-4 (Healy et al. 1992;
Monsanto 1987a, 1987b, 1989), Cellulube 220 (Carpenter et al. 1959), and triaryl phosphate (Siegel et al. 1965).
The NOAEL values for renal effects following intermediate-duration exposure to organophosphate ester
hydraulic fluids are 100-260 mg/m’ for rats, 251-2,000 mg/m’ for rabbits, 100-260 mg/m’ for hamsters, 50-103
mg/m’ for dogs, and 4.4-50 mg/m’® for monkeys. It should be noted that the 90-day NOAELSs for Durad MP280
and Fyrquel 220 in rats, hamsters, and rabbits were based on gross pathology only (MacEwen and Vemot 1983).
An accumulation of hyaline droplets was observed in male and female rats exposed to >240 mg/m’ of
cyclotriphosphazene for an intermediate duration (Kinkead et al. 1989a, 1990). The severity of the droplet
accumulation was graded as minimal to mild. No changes in serum creatinine or urea nitrogen levels were

observed in this study. No chronic exposure studies examining renal end points were located.

Polyalphaolefin Hydraulic Fluids. No studies were located regarding renal effects in humans or animals

after inhalation exposure to polyalphaolefin hydraulic fluids.

Endocrine Effects.

Mineral Oil Hydraulic Fluids. No studies were located regarding endocrine effects in humans or animals

after inhalation exposure to mineral oil hydraulic fluids.

Organophosphate Ester Hydraulic Fluids. No studies were located regarding endocrine effects in humans after

inhalation exposure to organophosphate ester hydraulic fluids.

No endocrine effects were seen in acute inhalation exposure to a triaryl phosphate mixture (Cellulube 220)

for rabbits at 2,000 mg/m’ (Carpenter et al. 1959). In studies on rats, hamsters and rabbits no endocrine
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effects are reported for intermediate-duration exposure to 300 mg/m’ Skydrol 500B-4 (Healy et al. 1992;
Monsanto 1987a, 1987b, 1989), 100 mg/m’® Fyrquel 220 or 101 mg/m’ Durad MP280 (MacEwen and
Vemot 1983), or 2,000 mg/m’ of Cellulube 220 (Carpenter et al. 1959). It should be noted that the 90-day
NOAELSs for Durad MP280 and Fyrquel 220 in rats, hamsters, and rabbits were based on gross pathology
only (MacEwen and Vemot 1983).

Polyalphaolefin Hydraulic Fluids. No studies were located regarding endocrine effects in humans or

animals after inhalation exposure to polyalphaolefin hydraulic fluids.

Dermal Effects.

Mineral Oil Hydraulic Fluids. No studies were located regarding dermal effects in humans or animals after

inhalation exposure to mineral oil hydraulic fluids.

Organophosphate Ester Hydraulic Fluids. No studies were located regarding dermal effects in humans

after inhalation exposure to organophosphate ester hydraulic fluids.

No gross or histological alterations were observed in the skin of rats, rabbits, or hamsters exposed to

100 mg/m’ of Fyrquel 220 or 101 mg/m”’ of Durad MP280 (MacEwen and Vemot 1983), or G <300 mg/m’
Skydrol 500B-4 (Healy et al. 1992; Monsanto 1987a, 1987b, 1989), or <990 mg/m’ cyclotriphosphazene
(Kinkead et al. 1989a, 1990) for an intermediate duration, or in rabbits exposed to 2,000 mg/m3 of Cellulube
220 for acute and intermediate durations (Carpenter et al. 1959). It should be noted that the 90-day NOAELSs for
Durad MP280 and Fyrquel 220 in rats, hamsters, and rabbits were based on gross pathology only (MacEwen and
Vemot 1983).

Polyalphaolefin Hydraulic Fluids. No studies were located regarding dermal effects in humans after

inhalation exposure to polyalphaolefin hydraulic fluids.

Ocular Effects.

Mineral Oil Hydraulic FLuids. No studies were located regarding ocular effects in humans or animals after

inhalation exposure to mineral oil hydraulic fluids.
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Organophosphate Ester Hydraulic Fluids. No studies were located regarding ocular effects in humans

after inhalation exposure to organophosphate ester hydraulic fluids.

No histological evidence of damage to the eye was observed in rats exposed to 990 mg/m® of

cyclotriphosphazene for an intermediate duration (Kinkead et al. 1989a, 1990).

Polyalphaolefm Hydraulic Fluids. No studies were located regarding ocular effects in humans after
inhalation exposure to polyalphaolefin hydraulic fluids. Ocular effects in animals resulting from direct

contact with aerosols of polyalphaolefin hydraulic fluids are discussed in Section 2.3, Dermal Effects.

Body Weight Effects.

Mineral Oil Hydraulic Fluids. No studies were located regarding body weight effects in humans after
inhalation exposure to mineral oil hydraulic fluids. In rats, no alterations in body weight gain were observed
following 4-hour exposures to 180 mg/m’ of Sunsafe F (Kinkead et al. 1987a, 1988), 180 mg/m’ of Quintolubric
95830W (Kinkead et al. 1987a, 1988), 210 mg/m’ of Houghto-Safe 5047F (Kinkead et al. 1987a, 1988), or 110
mg/m’ of Pyroguard A-443 (Kinkead et al. 1987a, 1988), or following a 6-hour exposure to 1,130 mg/m’of a
mineral oil hydraulic fluid meeting military specifications of MJL-5606 (Kinkead et al. 1985). Body weight was
unaffected in male and female Fischer 344 rats exposed to <1.0 mg/m’ of the water-in-oil emulsion hydraulic

fluid Houghto- Safe 5047F for 90 days, 23 hours/day (Kinkead et al. 1991).

Organophosphate Ester Hydraulic Fluids. No studies were located regarding body weight effects in

humans after inhalation exposure to organophosphate ester hydraulic fluids.

No changes in body weight gain were observed in rats exposed for 4 hours to 6,350 mg/m’ Durad MP280
(Gaworski et al. 1986; Kinkead et al. 1992d), or for 4 hours to 6,3 10 mg/m’ Fyrquel 220 (Gaworski et al.
1986; Kinkead et al. 1992a). In intermediate-duration studies, an 11% loss of body weight occurred in
squirrel monkeys exposed to 25 mg/m’ of a triaryl phosphate mixture for 6 weeks (Siegel et al. 1965). In
other studies, no adverse changes in body weight or weight gain were reported in monkeys, rats, rabbits,
hamsters, and dogs exposed for intermediate durations to Fyrquel 220 (Gaworski et al. 1986; MacEwen and

Vemot 1983), Durad MP280 (Gaworski et al. 1986; MacEwen and Vemot 1983), Skydrol 500B-4 (Healy et
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al. 1992; Monsanto 1987a, 1987b, 1989), or triaryl phosphate (Siegel et al. 1965). The identified NOAEL
values ranged from 100 to 260 mg/m’ for rats, 25 1 to 260 for rabbits, 100 to 260 mg/m’ for hamsters, and
50 to 103 mg/m’ for dogs, and 4.4 mg/m’ for monkeys. Intermediate-duration exposure to 990 mg/m’
cyclotriphosphazene had no effect on body weight in rats (Kinkead et al. 1989a, 1990). No chronic-duration

exposure studies examining body weight end points were located.

Polyalphaolefin Hydraulic Fluids. No studies were located regarding body weight effects in humans after

inhalation exposure to polyalphaolefin hydraulic fluids.

No changes in body weight gain were observed in rats exposed for 4 hours to several polyalphaolefin
hydraulic fluids at the following concentrations: 10,720 mg/m’ - DTNSRDC N448; 5,430 mg/m’ -
DTNSRDC N517; 5,350 mg/m’ - DTNSRDC N518; 5,330 mg/m® - DTNSRDC N525; 5,470 mg/m’ -
DTNSRDC N527 (all fluids with a DTNSRDC number were tested by MacEwen and Vernot [1983]);
1,130 mg/m’® — MIL-H-83282 (Kinkead et al. 1985). In these experiments, rats were observed for 14 days

after exposure.

2.2.1.3 Immunological and Lymphoreticular Effects

Mineral Oil Hydraulic Fluids. No studies were located regarding immunological effects in humans or

animals after inhalation exposure to mineral oil hydraulic fluids.

Organophosphate Ester Hydraulic Fluids. No studies were located regarding immunological effects

in humans after inhalation exposure to organophosphate ester hydraulic fluids.

Information regarding immunological effects in animals is restricted to histopathological examination of
organs with immune functions (thymus, spleen, lymph nodes) after intermediate-duration inhalation
exposures of up to 90 days. No treatment-related lesions in these tissues was reported in rats exposed to
<900 mg/m’ cyclotriphosphazene (Kinkead et al. 1989b, 1990). No lesions were seen in the spleen of rats
exposed to 260 mg/m’® Fyrquel 220 or 25 1 mg/m’ Durad MP280 (Gaworski et al. 1986; MacEwen and
Vernot 1983), or 300 mg/m’ Skydrol 500B-4 (Healy et al. 1992; Monsanto 1987a, 1987a, 1989). Similar
results were reported for the spleen in both hamsters and rabbits exposed to <260 mg/m’ Fyrquel220 or

251 mg/m’ Durad MP280 for 21 days (Gaworski et al. 1986; MacEwen and Vemot 1983). It should be
noted that the 90-day NOAELSs for Durad MP280 and Fyrquel 220 in rats, hamsters, and rabbits were based
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on gross pathology only (MacEwen and Vernot 1983). The NOAEL values for immunological effects are
recorded in Table 2-2 and plotted in Figure 2-2.

Polyalphaolefin Hydraulic Fluids. No studies were located regarding immunological effects in

humans or animals after inhalation exposure to polyalphaolefin hydraulic fluids.

2.2.1.4 Neurological Effects

The highest NOAEL values and all LOAEL values from each reliable study for neurological effects in each
species and duration category are recorded in Tables 2-1,2-2, and 2-3 and plotted in Figures 2-1, 2-2, and
2-3 for mineral oil hydraulic fluids, organophosphate ester hydraulic fluids, and polyalphaolefin hydraulic

fluids, respectively.

Mineral Oil Hydraulic Fluids. No studies were located regarding neurological effects in humans after
inhalation exposure to mineral oil hydraulic fluids. There are reports of neurological effects in humans
occupationally exposed to mineral oil hydraulic fluids; however dermal contact was expected to have been the

primary route of exposure (see Section 2.2.3.4).

Information regarding neurological effects in animals after inhalation exposure to mineral oil hydraulic fluids
is limited to two rat studies in which no symptoms of acute neurotoxicity or delayed neuropathy were seen in
rats within 14 days of aerosol exposure. (These studies did not specifically look for neurological effects.)
One study exposed Fischer 344 rats for 4 hours to water-in-oil emulsion hydraulic fluids at concentrations
ranging from 110 to 210 mg/m’ (Pyroguard A-443, Houghto-Safe 5047F, Quintolubric 95830W, and
Sunsafe F) (Kinkead et al. 1987a, 1988). The second study exposed rats to 1,148 mg/m’ of MIL-H-5606 for
6 hours (Kinkead et al. 1985).

Organophosphate Ester Hydraulic Fluids. The principal adverse effect of exposure to

organophosphate esters is neurotoxicity. Organophosphate esters have been synthesized that-are

preferentially toxic to insects compared to mammals; these are widely used as insecticides (e.g., chlorpyrifos,
diazinon). Acute toxicity to organophosphate esters is mediated by the inhibition of neural acetylcholinesterase.
Neural acetylcholinesterase is present at cholinergic synapses throughout the central and peripheral nervous
systems, and is responsible for hydrolyzing acetylcholine released from the pre-synaptic terminal. If this enzyme

is inhibited, acetylcholine accumulates in the synapse, resulting in increased firing of the post-
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synaptic neuron or increased neuroeffector activity. The consequences of increased cholinergic activity in the
parasympathetic autonomic nervous system (muscarinic receptors) can include increased salivation,
lacrimation, perspiration, miosis, nausea, vomiting, diarrhea, excessive bronchial secretions, bradycardia,
frequent micturition, and incontinence. The effects of increased neuroeffector activity on skeletal muscles
(nicotinic receptors) can include muscle fasciculations, cramps, muscle weakness, and depolarization-type
paralysis. Effects on cholinergic synapses in the central nervous system (predominantly muscarinic) can
result in drowsiness, fatigue, mental confusion, headache, convulsions, and coma (see Table 2-10). These
classical symptoms of organophosphate ester neurotoxicity increase in severity and rapidity of onset in a

dose-dependent manner (Ecobichon 1991).

Acetylcholinesterase is also present in erythrocytes where it is known as erythrocyte acetylcholinesterase.
Both forms of acetylcholinesterase are produced by the same gene (Taylor et al. 1993). In in vitro assays,
erythrocyte and neural acetylcholinesterase are inhibited to roughly the same extent by exposure to many
organophosphate esters. Measurement of erythrocyte acetylcholinesterase is used as a surrogate of the
inhibition of neural acetylcholinesterase. A cholinesterase capable of hydrolyzing acetylcholine is also
produced by the liver and circulates in the blood. This enzyme, called plasma cholinesterase or
butyrylcholinesterase, can also be inhibited by organophosphate esters and is often used as a marker for
exposure. The endogenous substrate of this enzyme is unknown. This enzyme is often inhibited by
organophosphate esters at lower levels of exposure than required to inhibit neural or erythrocyte
acetylcholinesterase. Erythrocyte acetylcholinesterase activity is located in the erythrocyte membrane and can
be differentiated from plasma cholinesterase by sedimenting the erythrocytes from whole blood. Measurement

of “whole blood cholinesterase” reflects both plasma and erythrocyte activity.

Exposure to organophosphate esters can also cause a syndrome referred to as organophosphate-induced
delayed neuropathy (OPIDN). This is a syndrome observed in humans and some animal models after
exposure to certain organophosphate esters, for example tri-ortho-cresyl phosphate (Johnson 1981). The
initial clinical signs are disturbances of gait, usually seen at least a week after exposure has begun. Severe
cases can result in ataxia and paralysis. A characteristic “dying-back” type degeneration of motor fibers is
seen upon histopathological examination. The biochemical mechanism of OPIDN is unknown at the present
time. This syndrome does not appear to be closely correlated with neural acetylcholinesterase inhibition, but
rather an enzyme activity referred to as “neurotoxic esterase” (NTE). The endogenous substrate of this
enzyme activity is unknown. This syndrome can be reproduced in chickens, but not in rats or mice (Abou-

Donia and Lapadula 1990).
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One study was located regarding neurological effects in humans after inhalation exposure to organophosphate
ester hydraulic fluids. Workers in an aryl phosphate manufacturing plant were not found to have neurological

deficits even with decades of potential exposure (Reade 1982).

Information regarding neurological effects in animals after acute inhalation exposure to organophosphate
ester hydraulic fluids is limited to reports of a decrease in whole blood cholinesterase in mice exposed to
757 mg/m’ of triphenyl phosphate (Sutton et al. 1960) and of head droop, generalized weakness, and
decreased whole blood cholinesterase activity in one of two rabbits exposed to aerosols of 2,000 mg/m’
Cellulube 220,4 hours/day, 5 days/week for 11 days (Carpenter et al. 1959). Transient, mild lethargy after
4-hour exposures to aerosols of Durad MP280 and Fyrquel 220 has been observed (Gaworski et al. 1986;
Kinkead et al. 1992a).

Several organophosphate ester hydraulic fluids have produced neurological effects in several animal species

after intermediate inhalation exposure (see Table 2-2).

Aerosols of Skydrol 500B-4 produced transient excessive salivation in rats exposed to 300 mg/m’, 6 hours

per day, 5 days per week for 6 or 13 weeks; this effect was not observed with exposure to 100 mg/m’ by the
same protocol (Healy et al. 1992; Monsanto 1987a, 1987b, 1989). Plasma cholinesterase activity (a marker

for organophosphate ester exposure) was decreased 60% in this group; erythrocyte acetylcholinesterase was not
measured in this study. Aerosols of Cellulube 220 produced decreased whole blood cholinesterase

activity (13-57%) in rabbits exposed to 2,000 mg/m’ for 4 hours/day, 5 days/week for 22 days; exposure for

2 hours/day produced no clinical signs of neurotoxicity in two rabbits (Carpenter et al. 1959). No overt signs

of neurotoxicity or histological alterations of brain or sciatic nerve tissues were observed in rats exposed to

cyclotriphosphazene at 990 mg/m’, 6 hours/day, 5 days/week for 21 days (Kinkead et al. 1989a, 1990).

Continuous exposure for 30-160 days to aerosols of a triaryl phosphate U.S. military hydraulic fluid, triaryl
phosphate (see Table 3-1), produced paralysis in rabbits and chickens after exposure to 102 mg/m® and

23 mg/m’, respectively, but not after exposure to respective concentrations of 34 mg/m’ or 4.4 mg/m’ (Siegel
et al. 1965). Continuous exposure to triaryl phosphate at 110, 103, or 4.4 mg/m’, respectively, produced no
signs of neurotoxicity in rats after 36 days, dogs after 99 days, or monkeys after 108 days (Siegel et al.
1965). Intermittent exposure (8 hours/day, 5 days/week for 30 exposures) to 50 mg/m’ triaryl phosphate
produced no neurotoxic signs in squirrel monkeys (Siegel et al. 1965). Aerosols of Durad MP280

(continuous exposure for 90 days) produced kyphosis (a deformity of the spine characterized by extensive
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flexion) and a decrease in the tail tip curl reflex in rats and anorexia, lethargy, cachexia, and head droop in
rabbits after exposure to 101 mg/m’; exposure to 10.3 mg/m’ produced no signs of neurotoxicity in these
species (MacEwen and Vernot 1983). Hamsters similarly exposed to 101 mg/m’ Durad MP280 showed no
evidence of neurotoxicity in this study. Aerosols of Fyrquel 220 (continuous exposure for 90 days) likewise
produced kyphosis in rats at 100 mg/m?, but no clinical signs of neurotoxicity in rabbits or hamsters at

100 mg/m’ (MacEwen and Vernot 1983). Because of the uncertainty that the kyphosis observed in rats is a

neurological or muscular effect, this effect has been discussed in both sections.

The studies by Siegel et al. (1965) and MacEwen and Vemot (1983) also included intermittent exposure
experiments (8 or 6 hours/day, respectively, for 5 days/week) for shorter durations (30 exposures or 21 days,
respectively). Neither Fyrquel 220 (260 mg/m’) nor Durad MP280 (251 mg/m’) produced signs of
neurotoxicity in rats, rabbits, or hamsters with the intermittent exposure protocol (MacEwen and Vemot
1983). No evidence of neurotoxicity was observed in rats exposed to <300 mg/m’ Skydrol500B-4
intermittently for 6 or 13 weeks (Healy et al. 1992; Monsanto 1987a, 1987b, 1989). The intermittent
protocol used by Siegel et al. (1965) produced no signs of neurotoxicity in rabbits or dogs at 50 mg/m’ triaryl
phosphate. It produced delayed peripheral neuropathy in chickens at 50 mg/m’ but not at 25 mg/m”.

No information was located regarding neurological effects in animals after chronic inhalation exposure to

organophosphate ester hydraulic fluids.

Polyalphaolefin Hydraulic Fluids. No studies were located regarding neurological effects in humans

after inhalation exposure to polyalphaolefin hydraulic fluids.

In a series of acute lethality studies, lethargy and inactivity were noted in rats exposed for 4 hours to lethal
concentrations of DTNSRDC N501 (6,430 mg/m®) (MacEwen and Vemot 1983). Kyphosis was observed in
rats exposed to 880-5,030 mg/m’ of a polyalphaolefin hydraulic fluid designated as B85-174 (Kinkead et al.
1987b). Because of the uncertainty of whether the kyphosis is a neurological or muscular effect, this effect is
discussed in both-the Musculoskeletal Effects and Neurological Effects sections. No other information was

located on neurological effects in animals after inhalation exposure to polyalphaolefin hydraulic fluids.



HYDRAULIC FLUIDS 53

2. HEALTH EFFECTS

2.2.1.5 Reproductive Effects

Mineral Oil Hydraulic Fluids. No studies were located regarding reproductive effects in humans or

animals after inhalation exposure to mineral oil hydraulic fluids.

Organophosphate Ester Hydraulic Fluids. No studies were located regarding reproductive effects in

humans after inhalation exposure to organophosphate ester hydraulic fluids.

Testicular atrophy was observed upon gross necropsy after male rats were continuously exposed for 90 days to
an aerosol concentration of 101 mg/m® Durad MP280, but not in rats exposed to 10.3 mg/m’ (MacEwen and
Vemot 1983). Testicular atrophy was not observed in male rats continuously exposed for 90 days to an aerosol

concentration of 100 mg/m’ Fyrquel 220 (MacEwen and Vemot 1983).

Male and female rats showed no treatment-related gross or histological reproductive tract alterations when
exposed by inhalation 6 hours/day, 5 days/week for 3 weeks to a 990 mg/m’ aerosol of cyclotriphosphazene
(Kinkead et al. 1989a, 1990), or aerosol concentrations of Skydrol 500B-4 >300 mg/m’, 6 hours/day,

5 days/week for 13 weeks (Healy et al. 1992; Monsanto 1987a, 1987b, 1989).

Likewise, no treatment-related gross reproductive tract alterations after intermediate-duration exposure were
observed in male or female rabbits or in male hamsters continuously exposed to aerosols of Fyrquel220 at
concentrations <100 mg/m’ (MacEwen and Vemot 1983). Two male rabbits exposed for 1-4 hours/day,

4-5 days/week, for 11-26 days to 2,000 mg/m’ aerosol of Cellulube 220 (Carpenter et al. 1959) showed no
histological evidence for effects on reproductive tissues. No acute or chronic inhalation studies examining

reproductive effects in animals were located.

The highest NOAEL values and all LOAEL values from each reliable study for reproductive effects in each

species and duration category are recorded in Table 2-2 and plotted in Figure 2-2.

Polyalphaolefin Hydraulic Fluids. No studies were located regarding reproductive effects in humans

or animals after inhalation exposure to polyalphaolefin hydraulic fluids.
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2.2.1.6 Developmental Effects

No studies were located regarding developmental effects in humans or animals after inhalation exposure to

mineral oil hydraulic fluids, organophosphate ester hydraulic fluids, or polyalphaolefin hydraulic fluids.

2.2.1.7 Genotoxic Effects

Mineral Oil Hydraulic Fluids.  No studies were located regarding genotoxic effects in humans or

animals after inhalation exposure to mineral oil hydraulic fluids.

Organophosphate Ester Hydraulic Fluids. No studies were located regarding genotoxic effects in
humans or animals after inhalation exposure to organophosphate ester hydraulic fluids. Genotoxicity studies

for organophosphate ester hydraulic fluids are discussed in Section 2.5.

Polyalphaolefin Hydraulic Fluids. No studies were located regarding genotoxic effects in humans or

animals after inhalation exposure to polyalphaolefin hydraulic fluids.

2.2.1.8 Cancer

Mineral Oil Hydraulic Fluids. ~ Studies regarding cancer in humans or animals after inhalation exposure to
mineral oil hydraulic fluids were limited to a single case-control study that examined associations between
subjectively reported occupational exposure to petroleum-derived liquids and cancer at particular sites among
3,726 male cancer patients (Siemiatycki et al. 1987a). The study found no convincing associations between
occupational exposure to hydraulic fluids and cancer at any site. This study is discussed in more detail in
Section 2.2.3.8, because, while inhalation exposure was probable for the subject occupations, the authors

reported that the exposure route was more often dermal contact.

No studies were located regarding cancer in animals after inhalation exposure to mineral oil hydraulic fluids.

Organophosphate Ester Hydraulic Fluids. No studies were located regarding cancer in humans or

animals after inhalation exposure to organophosphate ester hydraulic fluids.
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Polyalphaolefin Hydraulic Fluids. No studies were located regarding cancer in humans or animals

after inhalation exposure to polyalphaolefin hydraulic fluids.

2.2.2 Oral Exposure

The NOAEL and LOAEL values for each effect after oral exposure are shown in Tables 2-4,2-5, and 2-6
and plotted in Figures 2-4,2-5, and 2-6 for mineral oil hydraulic fluids, organophosphate ester hydraulic
fluids, and polyalphaolefin hydraulic fluids, respectively.

2.2.2.1 Death

Mineral Oil Hydraulic Fluids. A 14-month-old boy ingested ~5-10 cc of automobile automatic

transmission fluid thought to have been composed primarily (75-80%) of mineral oil (Perrot and Palmer

1992). The child developed pneumonia, pneumothorax (presence of gas in the pleural cavity), hemorrhaging

in the intestines, and a distended abdomen and eventually died 4 weeks after ingestion. Postmortem
examination revealed scattered subserosal hemorrhage in the small and large intestine and the omentum, as well
as focal edema, hemorrhage, and lipoid/oil droplets in the lung, and proliferation of alveolar

macrophages. The presence of lipoid/oil droplets in the lung suggest that the transmission fluid was

aspirated. Additional information was not located on lethality of mineral oil hydraulic fluids in humans after

oral exposure.

Several water-in-oil emulsion hydraulic fluids (Houghto-Safe 5047F, Sunsafe F, Pyroguard A-443, and
Quintolubric 95830W) produced no deaths or clinical signs of toxicity at single gavage dosage levels of
5,000 mg/kg in rats observed for 14 days (Kinkead et al. 1987a, 1988). Single gavage doses of a U.S.
military fluid designated as MIL-H-5606 at 4,500 mg/kg (5 mL/kg) also produced no deaths in rats observed
for 14 days (Kinkead et al. 1985). Additional information on lethality of mineral oil hydraulic fluids in
animals after oral exposure was not located. No studies showing LOAEL values for lethality are shown in

Table 2-4 or Figure 2-4.



Table 2-4. Levels of Significant Exposure to Mineral Oil Hydrauiic Fluids - Oral

Exposure/ LOAEL
Key tod . Duration/
) Species/  Erequency NOAEL Less Serious Serious Reference
figure (Strain) (gpecific Route) System  (mg/kg/day) (mglkg/day) (mglkg/day) Fluid identity
ACUTE EXPOSURE
Systemic
1 Rat once Bd Wt 5000 Kinkead et al.
(Fischer- 344) (GO) 1987a; Kinkead et
al. 1988
Houghto-Safe
5047F
2 Rat once Bd Wt 4500 Kinkead et al.
(Sprague- . 1985
Dawley) (GO) MIL-H-5606
3 Rat once Bd Wt 5000 Kinkead et al.
(Fischer- 344) (GO) 1987a; Kinkead et
al. 1988
Pyroguard A-443
4 Rat once Bd Wt 5000 Kinkead et al.
(Fischer- 344) (GO) 1987a; Kinkead et
al. 1988
Quintolubric
95830W
5 Rat once Bd Wt 5000 Kinkead et al.
(Fischer- 344) (GO) 1987a; Kinkead et
al. 1988
Sunsafe F
Neurological
6 Chicken once 4500 Kinkead et al.
(Leghorn) (GO) 1985
MIL-H-5606
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Table 2-4. Levels of Significant Exposure to Mineral Qil Hydraulic Fluids - Oral (continued)

Exposure/
Key toa . Duration/
) Spec!esl Frequency NOAEL
figure (Strain) (Specific Route) System (mg/kg/day)

LOAEL

Less Serious Serious
(mg/kg/day) {mg/kg/day)

Reference
Fluid ldentity

INTERMEDIATE EXPOSURE

Systemic
7 Rat 26 d Resp
(Fischer- 344) 5 d/wk
(G)

Gastro
Hemato
Hepatic
Renal
Bd Wt 1000 M

1000M (granulomatous
peribroncholitis &
multifocal broncholar
/alveolar pneumonia in 1
rat each)

1000M (focal gastritis with
edema and necrosis in 2
animals)

1000M (16% reduction in the
percent lymphocytes)

1000M (32% increase in liver
weights; 178% increase
in peroxisomal
beta-oxidation enzyme
activity)

1000M (proximal tubule hyaline
droplets, persistent
diuresis [50-100%
increase]; increases in
protein content [100%)]
and protein/creatinine
ratio [70%])

Mattie et al. 1993
MIL-H-5606

&The number corresponds to en'tries in Figure 2-4.

Bd Wt = body weight; d = day(s); (G) = gavage, unspecified; Gastro = gastrological; (GO) = gavage-oil, Hemato = hematological; LOAEL = lowest-observed-adverse-effect level;
M = male; NOAEL = no-observed-adverse-effect level; once = a single dose or exposure; Resp = respiratory; wk = week(s)

SL03443 HLV3IH 2

SAINid 2INMNYYUAH

As)



Figure 2-4. Levels of Significant Exposure to Mineral Oil Hydraulic Fluids - Oral
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Figure 2-4.

Levels of Significant Exposure to Mineral Oil Hydraulic Fluids - Oral (cont.)
Intermediate (15-364 days)
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Table 2-5. Levels of Significant Exposure to Organophosphate Ester Hydraulic Fluids - Oral

Exposure/ LOAEL
Duration/
K?Y to’ Species/ Frequency S NOAEL Less Serious Serious Reference
figure  (Strain) (gpecific Route) SYS!®™  (malkg/day) (mg/kg/day) (mg/kg/day) Fluid Identity
ACUTE EXPOSURE
Death
1  Rat once 2400  (LDso) Johannsen et al.
(Sprague- (GO) 1977
Dawley) DBPP
2 Rat once 34500  (3/10 died within 14 days)  FMC 1978a
(Wistar) G) Pydraul 50E
3 Rat once 1400  (LDso) Johannsen et al.
(Sprague- (GO) 1977
Dawley) TBP
4 Rat Gd 7-17 800 F (deathin 5/5 by Gd 12 Noda et al. 1994
(Wistar) 1 x/d or13) TBP
(GO)
5 Rat once 1000 F (1/12 females died) Healy et al. 1995
(Sprague- (GO) TNBP
Dawley)
6 Rabbit 2-14d 120  (1/2 died) Carpenter et al.
N 1959
(Zeea\IA;nd) (o) Cellulube 220
7 Rabbit once 7500  (4/5 died) Dollahite and
NS Pierce 1969
(NS) @ Cellulube 220
8 Cow once 7700  (1/1 died) Dollahite and
NS Pierce 1969
(NS) (©) Celiulube 220
9 Cow 10d 500  (1/1 died) Beck et al. 1977
(NS) 1 x/d Fyrquel 150
G

S103443 HITV3H ¢

SdiNid OINNYHAAH

09



Table 2-5. Levels of Significant Exposure to Organophosphate Ester Hydraulic Fluids - Oral (continued)

Exposure/
Kev to® ) Duration/ LOAEL
f?gurc; ?Sptig;‘:\?l Freqt.lency NOAEL Less Serious Serious Reference
(Specific Route)  System  (mgjkg/day) (mg/kg/day) (mglkg/day) Fluid Identity

10 Cow once 5000  (1/1 died) Beck et al. 1977
(Hereford &  (G) Fyrquel 150
Charolais)

11 Chicken once 1863 F (LDso) Carrington et al.
e 5,

12 Chicken 5d 300 F (2/4 died) Stauffer Chemical
(White 1 x/d 1971
Leghorn) (GO) Fyrquel 150

13 Chicken 5d 5000 F (3/4 died) FMC 1977a
(Rhode Island 1 x/d Fyrquel 220
Red x New  (g3)
Hampshire
Red)

14 Chicken once 2559 F (LDso) Monsanto 1987d
(Leghorn) (G) Skydrol 500 B-4

15 Chicken  once 2594 F (LDso) Monsanto 1987¢
(Leghorn) (G) Skydrol LD-4

16 Chicken once 1500 F (LDso) Carrington et al.
L s
Systemic

17 Rat once Resp 5000 (chromorhinorrhea) FMC 1990a
(Sprague- (G) ' QOcular 5000 Durad 110
Dawley) :

Bd Wt 5000

18 Rat once Resp 5000  (chromorhinorrhea) FMC 1990g
(Sprague- (G) Bd Wt 5000 Durad 220B
Dawley)

S103443 HITV3H ¢

SAINT3 ONNVYHCAH

L9



Table 2-5. Levels of Significant Exposure to Organophosphate Ester Hydraulic Fluids - Oral (continued)

Expos:ure/ LOAEL
Key to®  Species/ Duration/
i ;’ur o (Sptrain) Freguency Syst NOAEL Less Serious Serious Reference
(Specific Route)  SYSIEM  (mglkg/day) (mg/kgiday) (mglkg/day) Fluid Identity

19 Rat once Resp 5000 (chromorhinorrhea) FMC 1990d
(Sprague- (G) Bd Wt 5000 Durad 300
Dawley)

20 Rat once Bd Wt 5000 FMC 1992a
(Sprague_ (G) Durad 550B
Dawley)

21 Rat once Resp 5775 Gaworski et al.
(Sprague- (GO) 1986
Dawley) Gastro 5775 (diarrhea) Durad MP280

Bd Wt 5775 (transient weight loss)

22 Rat once Resp 5750 Gaworski et al.
(Sprague- (GO) 1986, Kinkead et
Dawley) al. 1992a

Gastro 5750 (diarrhea) Fyrquel 220
Bd Wit 5750

23 Rat Gd 7-17 Bd Wt 100 F 200F (12% decreased Noda et al. 1994

(Wistar) 1 x/d maternal body weight) 8P
(GO)

24 Rat Gd 7-17 Bd wt 500 F Noda et al. 1994

(Wistar) 1 x/d BP
(GO)

S103443 H1TV3H ¢

SAINT4 DNNYHAAH
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Table 2-5. Levels of Significant Exposure to Organophosphate Ester Hydraulic Fluids - Oral (continued)

Exposure/

g LOAEL
Kev to® ) Duration/
rey © ?sp’mtec!es):l Frequency NOAEL Less Serious Serious Reference
igure rainj  (specific Route) ~System (mglkgiday) (mglkg/day) (mglkg/day) Fluid Identity
25 Rabbit 2-14 d Resp 120  (pulmonary atelectasis and Carpenter et al.
(New (GO) bronchopneumonia) 1959
Zealand) Cardio 480 Cellulube 220
Gastro 120  (moderate to severe
diarrhea)
Hemato 480
Musc/skel 480
Hepatic 480
Renal 480
Endocr 480
26 Rabbit once Gastro 2000 5000 (diarrhea) Dollahite and
NS G Pierce 1969
(NS) © Cellulube 220
27 Cow once Resp 500 (rapid respiration) Beck et al. 1977
(Hereford & (G) Gastro 500 (abdominal pain, diarrhea) Fyrquel 150
Charolais) A
Neurological
28 Mouse 14d 1138 2275  (piloerection, tremors, and  Chapin et al. 1988
(Swiss CD-1) (F) lethargy) TCP
29 Cow once 7700  (incoordination, Dollahite and
(NS) (G) demyelination and axonal ~ Pierce 1969
swelling in peripheral Cellulube 220
nervous system, incr.
cellularity in spinal nerve
roots, vacuolation of large
; neurons in ventral motor
' nucleus and nucleus ruber)
30 Cow 10d 500 (miosis, salivation, coma Beck et al. 1977
(Hereford &  (G) convulsion, decreased Fyrquel 150
Charolais) blood cholinesterase level)

S103443 HIv3aH ¢
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Table 2-5. Levels of Significant Exposure to Organophosphate Ester Hydraulic Fluids - Oral (continued)

Exposure/

! LOAEL
Key to®  Species/ Duration/
f yu re (Sp:,::: Frequency NOAEL Less Serious Serious Reference
9 (Specific Route)  SYStem  (mg/kg/day) (mg/kg/day) (mg/kg/day) Fluid Identity

31 Cow once 500 (miosis, salivation, coma, Beck et al. 1977
(Hereford & (G) convulsions, decreased Fyrquel 150
Charolais) blood cholinesterase,

axonal degeneration,
paralysis)

32 Goat once 5000 (anorexia, incoordination, Dollahite and

(NS) (G) paralysis, demyelination Pierce 1969
and swelling of axon Cellulube 220
cylinder, vacuolation in
neurons of motor nucleus)

33 Chicken 5d 60 F (leg or wing weakness) Carpenter et al.
(New 1 x/d 1959
Hampshire (GO) Ceilulube 220
Red)

34 Chicken 5d 240 F (ataxia) Carpenter et al.
(New 1 x/d 1959
Hampshire  (GQ) Cellulube 220
Red)

35 Chicken once 10000 20000 (paralysis in 2/7) Dollahite and
(NS) G) Pierce 1969

Cellulube 220

36 Chicken 5d 240 F (leg and wing weakness, Friess et al. 1959
(New 1 x/d para|ysis) Cellulube 220
Hampshire)  (GO)

37 Chicken 1-2x 1863 F Carrington et al.
(NS) (©) : 1989

DBPP

S1O3443 HLTWV3H 2

SAINTd ONNYHAAH



Table 2-5. Levels of Significant Exposure to Organophosphate Ester Hydraulic Fluids - Oral (continued)

Exposure/ LOAEL
Key to® . Duration/
f?yu:: ?:; :::Tl Freguency s NOAEL Less Serious Serious Reference
g (Specific Route)  System  (mgkg/day) (mg/kg/day) (mg/kg/day) Fluid Identity
38 Chicken 5d : 240 F (axonal degeneration and  Gaworski et al.,
(Leghorn) 1 x/d demyelination in peripheral 1986
(GO) nerves and spinal cord Durad MP280
white matter)
39 Chicken 5d 240 F (severe paralysis) Stauffer Chemical
(White (GO) 1971
Leghorn) ) Fyrquel 150
40 Chicken 5d 5000 F (paralysis) FMC 1977a
(Rhode Island (G) Fyrquel 220
Red x New
Hampshire
Red)
41 Chicken 5d 420F Gaworski et al.
(Leghorn) 1 x/d 1986
(GO) Fyrquel 220
42 Chicken once 2500F 5000 F (increased incidence of 10000 F (ataxia, increased incidence Mortensen and
(White : unspecified spinal cord of unspecified spinal cord  Ladefoged 1992
Leghorn) lesions) and peripheral nerve Fyrquel EHC
lesions)
43 Chicken once 11350 F (94% decrease in brain Stauffer Chemical
(White (GO) NTE, incoordination, 1980
Leghorn) inability to stand) Fyrquel EHC
44 Chicken once 114F 114 F (13.4% inhibition of brain 1140 F (56% inhibition of brain NTE) Stauffer Chemical
(White (GO) NTE) 1981
Leghorn) ! Fyrquel EHC
45 Chicken 2x/21d 370F 11700 F (motor incoordination) Sprague et al.
(White (GO) 1984
Leghorn) IPTPP

SAIN1d ONNVYYAAH

S103443 H1TWV3H 2
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Table 2-5. Levels of Significant Exposure to Organophosphate Ester Hydraulic Fluids - Oral (continued)

Exposure/ LOAEL
K a Duration/
ﬁey to sg:_ cles/  Frequency NOAEL Less Serious Serious Reference
gure  (Strain) (gpecific Route) System  (maskgiday) (mg/kg/day) (mg/kg/day) Fluid Identity

46 Chicken 5d 420F Kinkead et al. .

(Leghorn) (GO) ;IIQIE?:-19457B
and
MIL-H-19457C

47 Chicken 1-3d 20000 F Monsanto 1979

(NS) 2 x Pydraul 29 ELT
(G)

48 Chicken 4d 5000 F FMC 1977b
(Rhode Island (G) Pydraul 50E
Red x New
Hampshire
Red)

49 Chicken 3d 20000 F Monsanto 1979
(NS) 2 x/d Pydrauil 50E

(G)

50 Chicken 3d 20000 F Monsanto 1979

(NS) 2 x/d Pydraul S0E
G)

51 Chicken 2x 5000 F (increased severity of Mortensen and
(Hybrid white unspecified peripheral Ladefoged 1992
Leghorn) nerve lesions) Reofos 65

62 Chicken . once 2559 F (inhibition of NTE [46%], Monsanto 1987d
(NS) (©G) brain AChE [18%]) Skydrol 500 B-4

t
53 Chicken once 2594 F (inhibition of NTE [29%) Monsanto 1987c

54

(Leghorn) (G)

Chicken 1-2x
(NS) (C)

5000 F

brain AChE [15%])

(45% inhibition of brain
AChE)

Skydrol LD-4

Carrington et al.

1989
TBEP

S103443 HITV3H ¢
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Table 2-5. Levels of Significant Exposure to Organophosphate Ester Hydraulic Fluids - Oral (continued)

Exposure/ LOAEL
Key to* ) Duration/
;y ro ?Spt‘:::re:/ Freguency NOAEL Less Serlous Serious Reference
gure (Specific Route)  System  (mg/kg/day) (mg/kg/day) (ma/kgiday) Fluid Identity
55 Chicken 1-2 x 1500 F (salivation, diarrhea, and Carrington et al.
(NS) (©) impaired respiration) _}_%f;?
Reproductive
56 Rabbit 2-14d 480 M Carpenter et al.
(New GO 1959
Zealand) ( ) Cellulube 220
Developmental
57 Rat Gd 6-15 3000 Robinson et al.
(COBS CD 1 x/d 1986
) Santicizer 141
(G)
58 Rat Gd 6-19 3000 IRDC 1981
(coBscp)y 1xd Santicizer 154
(G)
59 Rat Gd 7-17 250 500 (increased incidence of Noda et al. 1994
(Wistar) 1 x/d rudimentary lumbar rib) T8P
(GO)

S103443 HLTV3H 2
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Table 2-5. Levels of Significant Exposure to Organophosphate Ester Hydraulic Fluids - Oral (continued)

Exposure/ LOAEL
K a . Duration/ .
ﬂey to Sgtec:es/ Frequency NOAEL Less Serious Serious Reference
gure  (Strain) (Specific Route) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Fluid Identity
INTERMEDIATE EXPOSURE
Death

60 Rat 26d 1000 M (4/4 died) Mattie et al. 1993

(Fischer- 344) 5 d/wk MIL-H-83306
1 x/d
G)

61 Rat 13 wk 100 (2/12 male and 1/12 female Healy et al. 1995
(Sprague-  (GO) died) TNBP
Dawley)

62 Chicken 91-94 d 90 F (5/20 died) FMC 1986
(Hybrid (GO) Durad 110
brown)

Systemic
63 Rat 20,40,60d Endocr 1700 (bilaterally enlarged Latendresse et al.
(Fischer- 344) 1 x/d adrenal glands, lipidosis 1994a
(G) in adrenal cortex of BTP
18/18, vacuolization of
cortex cytoplasm)
64 Rat 106 d Bd Wt 1000  (11-17% decreased body Latendresse et al.

(Fischer- 344) (GO)

weight)

1994b
BTP

S103443 HLTV3H ¢
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Table 2-5. Levels of Significant Exposure to Organophosphate Ester Hydraulic Fluids - Oral (continued)

Exposure/ LOAEL
Key to® . Duration/
ﬁeyu'o Ssp:' :;::?/ Freqt'xency NOAEL Less Serious Serious Reference
gure  ( (Specific Route)  SYStem  (mg/kg/day) (mg/kg/day) (mglkg/day) Fluid Identity
65 Rat 91d Hemato 50 250 (decreased erythrocyte Healy et al. 1991
(Sprague- F count, hemoglobin and bBPP
Dawley) _ hematocrit levels)
Hepatic 50 250 (increased absolute

and/or relative liver
weights, decreased
hepatocyte vacuolation
and increased fatty
accumulation)

Renal 5 50  (urinary bladder epithelial
hyperplasia)
Bd Wt 250M
50F 250 F (15% decreased body
weight)
66 Rat 26d Cardio 500 M Mattie et al. 1993
(Fischer- 344) 5 diwk Hemato 500M (decreased hemoglobin, MIL-H-83306
1 x/d mean cell hemoglobin,
(G) and mean cell
hemoglobin
concentration)
Hepatic 500M (increased smooth ER

and relative and
absolute liver weights,
decreased BUN)

Renal 500M (diuresis, proteinuria)
67 Rat 90d Cardio 50 Monsanto 1979
(albino) (F) Hemato 50 Pydraul 80E
Hepatic 50
f Renal 50
' Bd Wt 50

S103443 HIV3H ¢

SAaiN14 ONNVYYAAH

69



Table 2-5. Levels of Significant Exposure to Organophosphate Ester Hydraulic Fluids - Oral (continued)

Exposure/ LOAEL
a . Duration/
'::gu:: ?g:_:;:?l (S;i:ec?flil:;?ute) System (mNOAEL Less Serious Serious Reference
g/kg/day) (mglkg/day) (mglkglday) Fluid Identity
68 Rat 18 wk Resp 350 Laham et al. 1985
(Sprague- 5 diwk’ Cardio 350 TBP
Dawley) 1 x/d
(G) Hemato 350
Hepatic 350
Renal 200 (diffuse hyperplasia of
bladder epithelium)
Endocr 350F
Bd Wt 200 M 350 M (15% decrease in body
weight)
350 F
69 Rat 9 wk Hemato 250 M Qishi et al. 1982
(Wistar) (F} Renal 250M (increased blood urea 8P
nitrogen; increased
relative kidney weight)
Bd Wt 250M (11% decreased body
weight)
70 Rat 20,40,60d Endocr 400 (bilaterally enlarged Latendresse et al.
(Fischer- 344) 1 x/d adrenal glands, lipidosis 1994a
(GO) in adrenal cortex in TCP
17/17, vacuolization of
cortex cytoplasm)
71 Rat 106 d Bd Wt 400 Latendresse et al.
(Fischer- 344) (GO) }%QF;ib

S103443 H1TWV3H ¢
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Table 2-5. Levels of Significant Exposure to Organophosphate Ester Hydraulic Fluids - Oral {continued)

Exposure/ LOAEL
a . Duration/
K?y to Species/ Frec'u.lency NOAEL Less Serious Serious Reference
figure  (Strain) (gpecific Route)  System  (mgikgiday) (mglkgiday) (mg/kg/day) Fluid Identity
72 Rat 13wk Resp 770 NTP 1994
(Fischer- 344) 7 diwk Cardio 770 TCP
(F) Gastro 770
Hepatic 770
Renal 430M 750M (renal papillary edema
and/or necrosis)
230F 430F (renal papillary edema
and/or necrosis)
Endocr 55 M (cytoplasmic

65 F vacuolization of the
adrenal cortex)

Dermal 770
Bd Wt 220 M 430M (11% decrease in body 750 M (33% decrease in body
weight) weight)
220F 430 F (11% decrease in body
weight)
73 Rat 13 wk Resp 800 NTP 1994
(Fischer- 344) 5 d/wk Cardio 800 TCcP
(GO) Gastro 800
Hemato 800
Hepatic 800
Renal 800
Endocr 50 (cytoplasmic
vacuolization of the
adrenal cortex)
Dermal 800
Bd Wt 400 M 800M (13% decreased body
f weight)
800F

S1033443 H1V3H ¢
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Table 2-5. Levels of Significant Exposure to Organophosphate Ester Hydraulic Fluids - Oral (continued)

Exposure/ LOAEL
a . Duration/
K?y to Spec!esl Frec.qt.Jency NOAEL Less Serious Serious Reference
figure  (Strain) (gpecific Route) System (mg/kg/day) (malkgiday) (mglkgl/day) Fluid Identity
74 Rat 9 wk Hemato 250M (decr. erythrocyte Oishi et al. 1982
(Wistar) (F) counts and hemoglobin) T™P
Hepatic 250 M
Renal 250 M
Bd Wt 250M (12% decreased body
weight)
75 Rat 9 wk Hemato 250 M Qishi et al. 1982
(Wistar) (F) Hepatic 250 M ToP
Renal 250 M
Bd Wt 250 M

S103443 H1v3H ¢
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Table 2-5. Levels of Significant Exposure to Organophosphate Ester Hydraulic Fluids - Oral (continued)

Exposure/ LOAEL
a ) Duration/
Kﬁey utr: ?g::::i?l Fret’uency NOAEL Less Serious Serious Reference
g (Specific Route)  System  (mgjkg/day) (mglkglday) (mglkg/day) Fluid Identity
76 Mouse 13 wk Resp 900 M NTP 1994
(B6C3F1) 7 diwk 1050 F TCce
(F) . Cardio 900 M
1050 F
Gastro 900 M
1050 F
Hemato 900 M
1050 F
Musc/skel 950 M
1050 F
Hepatic 45M 110M (minimal papillary
hyperplasia of the
gallbladder mucosa in
4/10)
130F 230 F (mild papillary
hyperplasia of the
gallbladder mucosa in
10/10)
Renal 380 M 900M (renal tubule
regeneration in 10/10)
1050 F
Endocr 45M 110M (minimal to moderate
cytoplasmic
vacuolization of adrenal
cortex)
65 F
Dermal 900 M
1050 F
Bd Wt 380 M 900 M (18% decreased body
! weight)
230 F 530 F (14% decreased body 1050 F 20% decreased body

weight)

weight)

S103443 H1TV3aH ¢
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Table 2-5. Levels of Significant Exposure to Organophosphate Ester Hydraulic Fluids - Oral (continued)

Exposure/
a Duration/
Key to” Species/ Frequency

LOAEL

figure  (Strain) 1t Svst NOAEL Less Serious Serious Reference
(Specific Route)  SYSIeM  (mg/kg/day) (mglkg/day) (mg/kg/day) Fluid Identity
77 Mouse 13wk Resp 800 NTP 1994
(B6C3F1) 5 diwk - Cardio 800 TCcP
(GO) Gastro 800
Hemato 800
Musc/skel 800
Hepatic 800
Renal 800
Endocr 50 (cytoplasmic
vacuolization of the
adrenal cortex)
Dermal 800
Bd Wt 200 400  (12-19% decreased body 800 M (24% decreased body
weight) weight)
Immunological/Lymphoreticular
78 Rat 16d 730 1450  (significantly decreased 2900 (necrosis of mandibular NTP 1994
(Fischer- 344) 5 d/wk thymus weight) lymph node, spleen, and  TCP
(GO) thymus)
79 Rat 13 wk 750 M NTP 1994
(Fischer- 344) 7 d/wk 770 F TCcP
(F)
80 Rat 13 wk 800 NTP 1994
(Fischer- 344) 5 diwk- TCP
(GO)

S103443 H1TV3H 2
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Table 2-5. Levels of Significant Exposure to Organophosphate Ester Hydraulic Fluids - Oral (continued)

Exposure/

. LOAEL
Key 16 Species/ Duration/
fi yure (Spt?_::;if Frequency NOAEL Less Serious Serious Reference
g (Specific Route) ~ SyStém  (mg/kg/day) (malkg/day) (mg/kg/day) Fluid Identity
81 Mouse 16 d 730 M 1450M (mild lymphoid depletion NTP 1994
(B6C3F1) 5 diwk of thymus) Tcp
(GO) 1450 F 2900  (lymphoid depletion and
necrosis of the spleen and
thymus; necrosis of the
mandibular iymph node)
82 Mouse 13 wk 800 NTP 1994
(B6C3F1) 5 diwk TCP
(GO)
83 Mouse 13 wk 900 M NTP 1994
(BBC3F1) 7 diwk 1050 F TCP
(F)
Neurological
84 Rat 91d 250 M Healy et al. 1991
(Sprague- (F) 50F 250 F (decreased erythrocyte DBPP
Dawley) and brain aAChE levels)
85 Rat 13 wk 800 NTP 1994
(Fischer- 344) 5 d/iwk TCP
(GO)
86 Rat 13 wk 750 M NTP 1994
(Fischer- 344) 7 diwk 770F TCcP

F

S103443 HIV3H ¢

SAINT4 ONNVHAAH

S.



Table 2-5. Levels of Significant Exposure to Organophosphate Ester Hydraulic Fluids - Oral {continued)

Exposure/ LOAEL
Kev to® . Duration/
ﬁeyur(; (Sspt?_::i?l Frec.]lfency NOAEL Less Serious Serious Reference
9 (Specific Route) ~ System  mg/kg/day) (mg/kg/day) (mg/kg/day) Fluid Identity
87 Mouse 13 wk 180M 380M (decreased forelimb grip 900 M (axonal degeneration in NTP 1994
(B6C3F1) 7 diwk strength) sciatic nerve and spinal TCP
(F) cord, tremors)
230 F 530 F (decreased forelimb and
hindlimb grip strength;
axonal degeneration of the
spinal cord and sciatic
nerve)
88 Mouse 13 wk 50 100  (multifocal degeneration of NTP 1994
(B6C3F1) 5 diwk the spinal cord and sciatic ~ TCP
(GO) nerve)
89 Chicken 28d 444 F 1333 F (ataxia in 2/5) FMC 1986
(NS) (GO) Durad 110
90 Chicken 91-94d 20F 90 F (ataxia in 4/20, axonal FMC 1986
(Warren (GO) damage in spinal cord and ~ Durad 110
S.S.L) peripheral nerves,
stumbling, weak limb
movements)
91 Chicken 10 wk 10 F (depression of brain and 60 F (ataxia, axonal degeneration)Freudenthal et al.
(G. gallus) 5 dfwk spinal cord neurotoxic 1993
1 x/d esterase activity) TCcp
(GO)
Reproductive
92 Rat 20,40,60d 1700F (lipidosis in ovarian Latendresse et al.
(Fischer- 344) 1 x/d interstitial cells of 9/9) 1994a
(G) 2800 M BTP

S1O03443 HLVAH ¢
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Table 2-5. Levels of Significant Exposure to Organophosphate Ester Hydraulic Fluids - Oral (continued)

Exposure/

L
Key to? Duration/ OAEL
ey to i
figyure ?Sp;;::?l Frequency Svst NOAEL Less Serious Serious Reference
(Specific Route) ~ System (mgl/kg/day) (mg/kg/day) (mg/kg/day) Fluid Identity
93 Rat 98 d 600  (decreased number of litters Latendresse et al.
Fischer- 344) (GO er fertile pair 1994b
( ) (GO) p pair) BTP
94 Rat 106 d 1000 M (decreased fertility index) Latendresse et al.
(Fischer- 344) (GO) 1994b
1000 F (decreased mating and BTP
fertility indices, abnormal
estrous cycle, decreased
uterine weight)
95 Rat 90d 50 Monsanto 1979
(Albino) (F) Pydrau! 90E
96 Rat 66 d 100 M (increased abnormal sperm Carlton et al. 1987
(Long- Evans) 1 x/d morphology and necrosis of TCP
(GO) seminiferous tubules)
200 F (decreased fertility;
vacuolar cytoplasmic
alteration of ovarian
interstitial cells; increased
follicular and luteal activity)
97 Rat 20,40,60d 400 F (lipidosis in ovarian Latendresse et al.
{Fischer- 344) 1 x/d interstitial cells of 8/8, 1994a
(GO) ovarian interstitial cell ice
hypertrophy)
400M (testicular degeneration
in 9/9; decreased
testicular weight)
98 Rat 106d ! 400 M (100% infertility, decreased Latendresse et al.

(Fischer- 344) (GO)

testicular and epididymal
weights)
400 F (increased ovarian weight)

1994b
TCP

S103443 H1v3aH ¢
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Table 2-5. Levels of Significant Exposure to Organophosphate Ester Hydraulic Fluids - Oral (continued)

Exposure/ LOAEL
Kev to® ; Duration/
ey to i
fi yure ?spti::? Fret.]l.Jency Less Serious Serious Reference
g (Specific Route) ~ System (mg/kg/day) (mglkg/day) Fluid dentity
99 Rat 98 d 400 (decreased fertility index, Latendresse et al.

(Fischer- 344) (GO)

100 Rat 13 wk
(Fischer- 344) 7 d/wk

F)

101 Rat 13 wk

(Fischer- 344) 5 d/wk
(GO)

102 Mouse 25 wk

(Swiss CD-1) (F)

103 Mouse 105d
(Swiss CD-1) (F) '

430M (significantly decreased
absolute and relative
testis weight and small
testes; atrophy of the
seminiferous tubules)
65F (hypertrophy &
inflammation of ovarian
interstitial cells)

400M (atrophy of the
seminiferous tubules)
50 F (ovarian interstitial cell
hypertrophy)

250

250 M

124

number of litters per fertile ~ 1994b

pair, and number of live TCP
pups per litter)
NTP 1994
TCP
NTP 1994
TCP

(reduced number and Chapin et al. 1988
proportion of live pups per TGP

litter and decreased fertility

index)

(decreased sperm motility

and concentration,

increased percentage of

abnormal sperm, atrophy of

the seminiferous tubules,

decreased fertility index)

(incr. number of dead pups Chapin et al. 1988
and decr. number of live TCcP

pups per litter, decr.

number of litters)
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Table 2-5. Levels of Significant Exposure to Organophosphate Ester Hydraulic Fluids - Oral (continued)

Exposure/ LOAEL
a . Duration/
T‘;Zut:a ?gg;:i?l (SFrec.u'Jency Svstem NOAEL Less Serious Serious Reference
pecific Route) Y (mglkg/day) (mg/kg/day) (mglkg/day) Fluid Identity
104 Mouse 13 wk 200M 400M (seminiferous tubule NTP 1994
(B6C3F1) 5 diwk atrophy in 10/10) TCP
(GO) 50 F (ovarian interstitial cell
hypertrophy in 9/10)
105 Mouse 13 wk 900 M NTP 1994
(B6C3F1) 7 diwk 230F 530 F (increased cytoplasmic e
(F vacuolization in ovarian
interstitial cells)
CHRONIC EXPOSURE
Systemic
106 Rat 24 mo Hemato 143.3 M FMC 1994a
(Sprague-  (F) 181.5 F TBP
Dawley) Renal 8.9M 32.5M (epithelial hyperplasia
and papilloma of urinary
bladder)
116 F 42 F (epithelial hyperplasia
and papilloma of urinary
‘bladder)
Bd Wt 325M 143.3M (19% decreased body
weight)
116F 42 F (12% decreased body 181.5 F (20% decreased body

weight) weight)

S103443 HIVEH ¢
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Table 2-5. Levels of Significant Exposure to Organophosphate Ester Hydraulic Fluids - Oral (continued)

Exposure/ LOAEL
a ) Duration/
Keyto' Species/  Frequency NOAEL Less Serious Serious Reference
figure  (Strain) (specific Route) System  (mg/kg/day) (mglkg/day) (mg/kg/day) Fluid Identity
107 Rat 104 wk ’ Resp 13 M NTP 1994
(Fischer- 344) 7 diwk 15 F TCP

(F) Cardio 13M

15 F

Gastro 13 M

15 F

Hemato 13 M

15F

Musc/skel 13 M

15F

Hepatic 13 M

186 F

Renal 13M

15 F

Endocr 13M

7F 15F (cytoplasmic

vacuolization of the
adrenal cortex in 36/50)

Dermal 13 M
15 F
Bd Wt 13M
15 F

S103443 HLVIH 2
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Table 2-5. Levels of Significant Exposure to Organophosphate Ester Hydraulic Fluids - Oral (continued)

Exposure/ LOAEL
a . Duration/
K.ey to SpeCfes/ Frequency NOAEL Less Serious Serious Reference
figure  (Strain) (specific Route) System  (mgikgiday) (mg/kg/day) (mglkg/day) Fluid Identity
108 Mouse 105 wk Resp 27 M NTP 1994
(B6C3F1) 7 diwk 37F TcP
(F) Cardio 27 M
37F
Gastro 27 M
37F
Hemato 27T M
37F
Musc/skel 27 M
' 37F
Hepatic - 7M 13M (increased incidences of
37F clear cell foci, fatty
change, and ceroid
pigmentation)
Renal 27T M
37F
Endocr 7M (ceroid pigmentation of
the adrenal cortex:
minimal to mild)
8 F (ceroid pigmentation of
the adrenal cortex:
moderate to marked)
Dermal 27T M
37F
Bd Wt 27T M
37F
Immunological/Lymphoreticular
109 Rat 104 wk 13 M NTP 1994
(Fischer- 344) 7 diwk 15 F TCP

Gy

S103443 H1V3H ¢
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Table 2-5. Levels of Significant Exposure to Organophosphate Ester Hydraulic Fluids - Oral (continued)

Exposure/ LOAEL
Key to? ) Duration/
ﬁeyu:a ?Sp:; Z;‘:‘T/ Fre(_]l'Jency Svst NOAEL Less Serious Serious Reference
g (Specific Route) ysiem (mg/kg/day) (mga/kg/day) (mg/kg/day) Fluid Identity
110 Mouse 105 wk 27M NTP 1994
(B6C3F1) 7 diwk 37F TCcP
(F)
Neurological
111 Rat 104 wk 13 M NTP 1994
(Fischer- 344) 7 diwk 15 F TCP
(F)
112 Mouse 105 wk 27T M NTP 1994
(B6C3F1) 7 diwk 37F TCP
(R
Reproductive
113 Rat 104 wk 13M NTP 1994
(Fischer- 344) 7 d/wk 7F 15F (ovarian interstitial cell TCP
(F) hyperplasia)

Sainid DNNVYYAdAH
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Table 2-5. Levels of Significant Exposure to Organophosphate Ester Hydraulic Fluids - Oral (continued)

Exposure/ LOAEL
a . Duration/
Key to” Species/  Frequency NOAEL Less Serious Serious Reference
figure  (Strain) (gpecific Route) System  (na/kgiday) (mglkg/day) (mg/kg/day) Fluid Identity
114 Mouse 105 wk 27 M NTP 1994
(B6C3F1) 7 diwk - 37F TCcpP

F)

a
The number corresponds to entries in Figure 2-5.

AChE = acetylcholinesterase; Bd Wt = body weight; BTP = butylated triphenyl phospate; BUN = blood urea nitrogen; (C) = capsule; Cardio = cardiovascular; d = day(s); decr. =
decreased, DBPP = dibutylated phenyl phosphate; 2EDP = 2-ethylhexy! diphenyl phosphate; Endocr = endocrine; F = female; (G) = gavage; Gastro = gastrointestinal;

Gd = gestational day; (Gl) = gastric intubation; (GO) = gavage in oil; Hemato = hematological; incr. = increased; IPTPP = isopropyl tripheny! phosphate; LD;, = lethal dose, 50% kill;
LOAEL = lowest-observed-adverse-effect level; M = male; MCV = mean corpuscular volume; MCHC = mean corpuscular hemoglobin concentration; mo = month(s); Musc/skel =
musculoskeletal, NOAEL = no-observed-adverse-effect level; NS = not specified; NTE = neurotoxic esterase; RBC = red blood cell; Resp = respiratory; TBEP = tributoxyethyl
phosphate; TBP = tributyl phosphate; TMP = trimethy! phosphate; TNBP = tri-n-butyl phosphate; TOP = trioctyl phosphate; wk = week(s); x = times; yr = year(s).
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Figure 2-5. Levels of Significant Exposure to Organophosphate Ester Hydraulic Fluids - Oral

Acute (<14 days)
Systemic
S Y &
O N
~S’<\ & & \oo’ & )
' 'S g S N T s 5
(mg/kg/day) & Q(?Q g $ Q)év § § q)g S 3
100000 - 9 < O & fF § & & § 0o
2r
o
7h 8q
10000 |- ® 0 13x 17r 1or 22r 21r 22r 26h 17
1r ® ‘14x 15x OOOZO”O O
s 1ix | BT 18r 26h
1000 o 56 " u ©
i o 9q 27q 25h 27q 25h  25h  25h  25h  25h
® i o o) L O O O O O
o
6h 25h 25h
100 | o o
10 }+
' Key
roorat B (D, (animals) The number next to
m mouse : , each point
01 L i h  rabbit @ | OAEL for serious effects (animals) corresponds to
q cow @ LOAEL for less serious effects (animals) ~entries in Table 2-5.
X i .
chicken o NOAEL (animals)
0.01 L

S1O3443 HIMVaH ¢

SAaiNd DNNVYAAH

8



Figure 2-5. Levels of Significant Eprsure to Organophosphate Ester Hydraulic Fluids

Oral (cont.)

SAIN1d OINMNYYAAH

(Acute (<14 days)
Systemic -
N
S 3 & §
g 5 & &
$ $ 58
{mg/kg/day) § q?k Q',S q_}q;
< Q
100000 2 @
35x 47x  49x 50x
o i ax 4x O O O
10000 22 29 e} ‘e ©
470 18r 19r 20r 8' J o 320 e 40x  42x 48x 51x 54x
000090 ) x e O O . 571
28m 37x 42 (ON®] P
o) DO s
O gx 52x 0 581 %
b
1000 24r 2gm  30q 31q 41x a5 46 56h g;r %
23,0 o asx  86x  38x 3ox O O -
i
0o e o oo st % 3
O
100 | O 33x o Q
23r ® 9]
44x
10 | O
Tr Key
r rat | LDs, (animals) The number next to
m mouse . i each point
01 g h  rabbit ® | OAEL for serious effects (animals) corresponds to
q cow ® LOAEL for less serious effects (animals) ~ éntries in Table 2-5.
X chicken o NOAEL (animals)
0.01 L

S8



Figure 2-5. Levels of Significant Exposure to Organophosphate Ester Hydraulic Fluids

Oral (cont.)
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Figure 2-5. Levels of Significant Exposure to Organophosphate Ester Hydraulic Fluids

Oral (cont.)
Intermediate (15-364 days)
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Figure 2-5. Levels of Significant Exposure to Organophosphate Ester Hydraulic Fluids

Oral (cont.)
Intermediate (15-364 days)

Systemic
A
. ]
o J
= 0.8 - )
5 5 5 § S
K3 $S 2 S
o Ke) bS]
(mg/kg/day) > 58 g o
5 £ & & )
10000 @ £ < x
781
78r 81m 83 89x %2;
1000 -8‘" 72r 730 78”‘ 77m 780 790 o Cr)n 8sr o %f
e O ® o0 00O O O &m 93r 105m
71 89x 97r 98r 99r  101r
68r ro72r 80r g1y 82m asr @ 0O o
Eir 0 GCS;r O % 0 65! 76m .. 84r 87m oOoee O 1%m 105m
r
O O O O 103l
68r 72r ar 76m 77m 88m  gox 96r 101r .m
100 } ® s [ 100r
r 84r ® 95r q) 101r ®)
(ON®) O O O d om 9
67r 88m 90X 104m
O
91x
10 b o
1}
Key
r rat | i The number next to
LDs, (animals) oo
m mouse . . each poin
0.1 f h  rabbit ® [OAEL for serious effects (animals) corresponds to
q cow @ LOAEL for less serious effects (animals) ~ entries in Table 2-5.
chic .
X keh O NOAEL (animals)
0.01 L

S103443 HLV3H ‘¢

Sainid OINNYYAaAH

88



Figure 2-5. Levels of Significant Exposure to Organophosphate Ester Hydraulic Fluids

Oral (cont.)
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Table 2-6. Levels of Significant Exposure to Polyalphaolefin Hydraulic Fluids - Oral

Exposure/ LOAEL
Key to® . Duration/
_ Species/  Erequency NOAEL Less Serious Serious Reference
figure (Strain) (gpecific Route) SYStem (mglkg/day) (mg/kg/day) (mgikg/day) Fluid Identity
ACUTE EXPOSURE
Systemic

1 Rat once Bd Wt 5000 Kinkead et al.
(Sprague-  (GO) 19870
Dawley) (B85-174)

2 Rat once Bd Wt 4250 MacEwen and
(Sprague- (G) , Vernot 1983
Dawley) (DTNSRDC N517)

3 Rat once Bd Wt 4250 MacEwen and
(Sprague- (G) Vernot 1983
Dawley) (DTNSRDC N518)

4 Rat once Bd Wt 4250 MacEwen and
(Sprague- (G) Vernot 1983
Dawley) (DTNSRDC N448)

5 Rat once Bd Wt 4250 MacEwen and
(Sprague- (G) Vernot 1983
Dawley) (DTNSRDC N501)

6 Rat once Bd Wit 4250 MacEwen and
(Sprague- (G) Vernot 1983
Dawley) ’ (DTNSRDC N525)

7 Rat once Bd Wt 4250 ‘ MacEwen and
(Sprague- (G) Vernot 1983
Dawley) (DTNSRDC N527)

8 Rat once Bd Wit 4250 Kinkead et al. 1985
(Sprague- (GO) t (MIL-H-83282)
Dawley)

9 Rat once Bd Wt 5000 Kinkead et al.
(Sprague- (G) 1992b
Dawley) (MIL-H-83282LT)

Sainid JIMNVYHAAH
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Table 2-6. Levels of Significant Exposure to Polyalphaolefin Hydraulic Fluids - Oral (continued)

Exposure/ LOAEL
a . Duration/
Krey to Sspe c!es/ Fre(_:uency NOAEL Less Serious Serious Reference
igure  (Strain) (gpecific Route) System  (mg/kg/day) (mg/kg/day) (mglkg/day) Fluid Identity
Neurological
10 Rat once 5000 Kinkead et al.
(Fischer:344) @ (13"9!.2?1 83282LT)
11 Chicken once 6375F Kinkead et al. 1985
(Leghorn) (GO) (MIL-H-83282)
INTERMEDIATE EXPOSURE
Systemic
12 Rat 4 wk Hemato 1000 M Mattie et al. 1993
(Fischer- 344) 5 d/wk MIL-H-83282
1 x/d
(G) Hepatic 1000M (131% increase in
peroxisomal oxidation
rate; increase of 75 {U/L
in alkaline phosphatase)
Renal 1000M (130% increase in
urinary protein to
creatinine ratio)
Bd Wt 1000 M
13 Rat 4 wk Cardio 1000 Mattie et al. 1993
(Fischer- 344) 5 d/wk MIL-H-83282LT
1 x/d Hemato 1000M (47% increase in WBC;
G) reductions, ~ 10%, in
hemoglobin and mean
cell hemoglobin
concentration; anemia)
Hepatic 1000M (164% increase in
f peroxisoma! oxidation
rate)
Renal 1000M (diuresis)
Bd Wit 1000 M

S103443 HIVaH ¢
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Table 2-6. Levels of Significant Exposure to Polyalphaolefin Hydraulic Fluids - Oral (continued)

Exposure/ LOAEL
a Duration/
K?y to" Species/  Frequency NOAEL Less Serious Serious Reference
figure  (Strain) (gpecific Route) System  (ma/kgiday) (mg/kg/day) (mg/kg/day) Fluid Identity

ImmunologicéI/Lymphoreticular

14 Rat 4 wk . 1000 Mattie et al. 1993
(Fischer- 344) 5 d/wk ' MIL-H-83282
1 x/d
(G)
15 Rat 4 wk 1000 Mattie et al. 1993
(Fischer- 344) 5 d/iwk (MIL-H-83282LT)
1 x/d
(G)

4The number corresponds to entries in Figure 2-6.

Bd Wt = body weight; Cardio = cardiovascular; d = day(s); F = female; Hemato = hematological; (G) = gavage, unspecified; (GO) = gavage-oil; LOAEL = lowest-observed-adverse-
effect-level; M = male; NOAEL = no-observed-adverse-effect level; once = a single dose or exposure; WBC = white blood cells; wk = week(s); x = times.
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Figure 2-6.

Levels of Significant Exposure to Polyalphaolefin Hydraulic Fluids - Oral
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Figure 2-6. Levels of Significant Exposure to Polyalphaolefin Hydraulic Fluids - Oral (cont.)
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HYDRAULIC FLUIDS 95

2. HEALTH EFFECTS

Organophosphate Ester Hydraulic Fluids. Reports of organophosphate poisonings in the United

States, India, and South Africa date back to the 1930s when tri-ortho-cresyl phosphate was either
inadvertently mixed with cooking oils or was an adulterant of an alcohol-containing extract, Jamaica Ginger
(Goldstein et al. 1988). Few deaths are reported, but polyneuritis and paralysis are common to these

outbreaks.

Acute oral exposure to several organophosphate ester hydraulic fluids produced deaths in rabbits, chickens,
and cows. The deaths were associated with severe cholinergic symptoms or symptoms of organophosphorus

induced delayed neuropathy (OPIDN). (See Section 2.2.2.4 for further details on the neurological effects.)

Single oral gavage doses of several organophosphate ester hydraulic fluids produced deaths in rats. LDs, values
are reported for rats at >8,400 mg/kg for triaryl phosphates, 2,400 mg/kg for dibutyl phenyl

phosphate, and 1,400 mg/kg for tributyl phosphate (Johannsen et al. 1977). No deaths were reported for rats at
the highest administered dosage levels which were: Durads 300, 550B, 116, and 220B, 5,000 mg/kg (FMC
1990a); Durad MP280,5,775 mg/kg (Gaworski et al. 1986); and Cellulube 220 (two rats tested),

20,000 mg/kg (Dollahite and Pierce 1969). Single gavage doses of 34,500 mg/kg Pydraul 50E produced

deaths in 3 of 10 rats from unspecified causes, but a dosage level of 28,750 mg/kg produced no deaths (FMC
1978a). No deaths were reported in rats orally exposed to a cyclotriphosphazene-based fluid at <5,000 mg/kg
(Kinkead et al. 1992c; MacEwen and Vemot 1985).

Cellulube 220 produced deaths (including animals killed due to morbidity) associated with severe cholinergic
symptoms and paralysis that developed within 5 days in four of five rabbits after administration of single
doses of 7,500 mg/kg, but no deaths were produced after two rabbits received doses of 6,000 mg/kg
(Dollahite and Pierce 1969). Lethal cholinergic toxicity after 6 days was observed in one of two rabbits
exposed daily to 120 mg/kg/day of Cellulube 220 for 2-14 days (Carpenter et al. 1959).

The actual composition of the Cellulube 220 was not reported in either the Dollahite or Carpenter studies, so
the large difference in doses causing death can not be explained. Deaths were also reported in 5 of 5 pregnant
Wistar rats after 5-6 daily doses of 800 mg/kg tributyl phosphate beginning on gestation day 7 (Noda et al.
1994).

The acute oral LDs, values for Skydrol 500B-4, Skydrol LD-4, tributyl phosphate, and dibutyl phenyl
phosphate in chickens were 2, 559, 2, 594, 1,500 or 1,800, and <2,000 mg/kg, respectively; deaths occurred
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2. HEALTH EFFECTS

within 1-3 days with severe cholinergic symptoms (Carrington et al. 1989; Johannsen et al. 1977; Monsanto
1987¢, 1987d). Lethal single gavage doses of 300 and 5,000 mg/kg were associated with severe
neurotoxicity (paralysis, and inability to stand) in chickens treated with Fyrquel 150 (Stauffer Chemical Co.
1971) and Fyrquel 220 (FMC 1977a), respectively.

A single gavage dose of 5,000 mg/kg Fyrquel 150 produced lethal cholinergic symptoms in a calf; dosage
levels of 500 and 1,000 mg/kg also produced cholinergic signs in adult cows. Death resulted from paralysis
about 20 days after dosing (Beck et al. 1977). A calf died 30 days after a single dose of 7,700 mg/kg
Cellulube 220; decreased erythrocyte acetylcholinesterase was observed (time of onset not reported) and
axonal degeneration and demyelination in the peripheral and central nervous systems were observed

beginning 19 days after dosing (Dollahite and Pierce 1969).

Intermediate-duration oral exposure to Durad 110 produced deaths in chickens associated with the delayed
development of neuropathy at dosage levels of 4,000 mg/kg/day in a 28-day study and 90 mg/kg/day in a
90-day study (FMC 1986). At 100 mg/kg/day over a 13-week period, 2 of 12 male and 1 of 12 female rats
died with exposure to tri-n-butyl phosphate (Healy et al. 1995). Dietary administration of Pydraul 90E for

90 days providing daily doses of 50 mg/kg/day produced no chemical-related deaths in rats (Monsanto 1979).
An organophosphate ester hydraulic fluid designated MIL-H-83306 also caused death in 4 of 4 rats exposed
by gavage to 1,000 mg/kg over a 26-day period (Mattie et al. 1993).

Gavage exposure to 2,900 mg/kg/day tricresyl phosphate for 16 days, 5 days a week, resulted in death in 5 of 10
male and 7 of 10 female Fischer 344 rats (NTP 1994). Deaths occurred in 5 of 10 male and 10 of 10

female B¢CsF, mice at 1,450 mg/kg/day in a parallel study. No deaths occurred in rats in 13-week feeding
(£770 mg/kg/day) or gavage studies (5 days a week, 5 800 mg/kg/day) or in 2-year feeding studies at

<15 mg/kg/day (NTP 1994). Similar results were obtained in mice where the highest doses were

1,050 mg/kg/day (13-week feeding), 800 mg/kg/day (13-week gavage), and 37 mg/kg/day (2-year feeding).

All LOAEL values for each reliable study for death in each species and duration category are recorded in

Table 2-5 and plotted in Figure 2-5.
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2. HEALTH EFFECTS

Polyalphaolefin Hydraulic Fluids. No studies were located regarding death in humans after oral

exposure to polyalphaolefin hydraulic fluids.

A U.S. military polyalphaolefin hydraulic fluid, MIL-H-83282LT, produced no deaths in adult leghorn
chickens when two gavage doses of 5,000 mg/kg were administered separated by 21 days; a 21 -day
observation period followed the second dose administration (Kinkead et al. 1992b). Single gavage 5 ml/kg
(=4,250 mg/kg) doses of another U.S. military fluid, MIL-H-83282, produced no deaths in rats within

14 days of dosing (Kinkead et al. 1985). No deaths occurred within 14 days of dosing in other groups of rats
treated with one of several other U.S. military polyalphaolefin hydraulic fluids (designated as B85-174 and
DTNSRDC Nos. N448, N501, N5 17, N5 18, N525, and N527) at single gavage dosage levels of 5 mL/kg
(=4,250 mg/kg) or 5,000 mg/kg (Kinkead et al. 1987b; MacEwen and Vemot 1983). No other information

was located regarding deaths in animals after oral exposure to polyalphaolefin hydraulic fluids.

2.2.2.2 Systemic Effects

The highest NOAEL values and all LOAEL values from each reliable study for systemic effects in each

species and duration category are recorded in Tables 2-4,2-5, and 2-6 and are plotted in Figures 2-4,2-5, and 2-6
for mineral oil hydraulic fluids, organophosphate ester hydraulic fluids, and polyalphaolefin hydraulic

fluids, respectively. Because of the uncertainty on whether chickens are a good model for human systemic
effects (respiratory, cardiovascular, gastrointestinal, hematological, musculoskeletal, hepatic, renal, dermal,

and ocular), these data are not listed in the LSE tables or figures. However, chickens have been shown to be
sensitive models for neurotoxicity, and data from chickens are included in the LSE tables and figures. Some of
the systemic effects resulting from oral exposure to the organophosphate ester hydraulic fluids are most likely

secondary to their anticholinesterase activity.

Respiratory Effects.

Mineral Oil Hydraulic Fluids. Lipoid pneumonia with marked interstitial pneumonitis and pulmonary
fibrosis was observed in a child accidentally ingesting a lethal dose of automotive transmission fluid (Perrot
and Palmer 1992). Although the exact composition of the hydraulic fluid was not reported, it is assumed to
be a mineral oil hydraulic fluid because automotive transmission fluids typically contain 75-80% mineral oil.

The presence of lipoid/oil droplets in the lungs suggested that some of the hydraulic fluid was aspirated.
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Granulomatous perbroncholitis (1 of 4) and multifocal bronchiolar/alveolar pneumonia (1 of 4) were noted in
rats orally exposed to 1,000 mg/kg/day MIL-H-5606 for 26 days (Mattie et al. 1993). It is uncertain if these

effects were treatment related.

Organophosphate Ester Hydraulic Fluids. No studies were located regarding respiratory effects in humans

after oral exposure to organophosphate ester hydraulic fluids.

A number of respiratory effects have been observed in animals acutely exposed to organophosphate ester
hydraulic fluids by the oral route. Respiratory effects shortly after exposure to organophosphate ester
hydraulic fluids may be due to acetylcholinesterase inhibition (see Neurological Effects sections for details).
Rapid respirations were observed shortly after cows received a 500 mg/kg dose of Fyrquel 150 (Beck et al.
1977). In addition to the acetylcholinesterase inhibition-related effects, histological alterations have been
observed. Bronchopneumonia and pulmonary atelectasis were observed in rabbits exposed to 120 mg/kg of
Cellulube 220 (Carpenter et al. 1959), and emphysema, intralobular fibrosis, rapid respiration, and coughing
were observed in cows exposed to Fyrquel 150 contaminated grass (Beck et al. 1977). Dyspnea was
observed in goats and cows exposed to 5,000 and 7,700 mg/kg of Cellulube 220, respectively (Dollahite and
Pierce 1969). Because the symptoms did not occur until 19 days after dosing, it is not likely to be the result
of acetylcholinesterase inhibition; however, the cause of the dyspnea is not known. In rats acutely exposed to
5,000 mg/kg of Durad 110 or Durad 220B, chromorhinorrhea was observed. No respiratory effects were
observed in rats exposed by gavage to <350 mg/kg of tributyl phosphate for 18 weeks (Laham et al. 1985).

Histological examination of the lungs, nose, and trachea revealed no treatment-related lesions in Fischer 344 rats
and B¢CsF| mice orally exposed to tricresyl phosphate (NTP 1994). Dosing regimens (highest doses in
mg/kg/day in parenthesis) were as follows: 13-week feeding (rats 770, mice 1,050); 13-week gavage, 5 days a
week (rats 800, mice 800); and 2-year feeding (rats 15, mice 37).

Polyalphaolefin Hydraulic Fluids. No studies were located regarding respiratory effects in humans or

animals after oral exposure to polyalphaolefin hydraulic fluids.

Cardiovascular Effects.

Mineral Oil Hydraulic Fluids. No studies were located regarding cardiovascular effects in humans or

animals after oral exposure to mineral oil hydraulic fluids.



HYDRAULIC FLUIDS 99

2. HEALTH EFFECTS

Organophosphate Ester Hydraulic Fluids. No studies were located regarding cardiovascular effects in

humans after oral exposure to organophosphate ester hydraulic fluids.

No gross or histological alterations in the cardiovascular system or changes in heart weight were observed in
rabbits acutely exposed to <480 mg/kg/day of Cellulube 220 (Carpenter et al. 1959), in chickens acutely
exposed to <720 mg/kg/day of Cellulube 220 (Carpenter et al. 1959), or in rats exposed to 50 mg/kg/day of
Pydraul90E (Monsanto 1979) for an intermediate duration. Similar results were seen in rats exposed to

500 mg/kg of a fluid designated MIL-H-83306 (Mattie et al. 1993) for 26 days or to tributyl phosphate for
18 weeks (Laham et al. 1985). Histological examination of the heart revealed no treatment-related lesions in
Fischer 344 rats and B6C3F, mice orally exposed to tricresyl phosphate (NTP 1994). Dosing regimens
(highest doses in mg/kg/day in parenthesis) were as follows: 13-week feeding (rats 770, mice 1,050);
13-week gavage, 5 days a week (rats 800, mice 800); and 2-year feeding (rats 15, mice 37).

Polyalphaolefin Hydraulic Fluids. No studies were located regarding cardiovascular effects in humans

after oral exposure to polyalphaolefin hydraulic fluids.

No cardiovascular effects were observed in rats exposed by gavage to 1,000 mg/kg of a polyalphaolefin fluid

designated MIL-H-83282 (Mattie et al. 1993).

Gastrointestinal Effects.

Mineral Oil Hydraulic Fluids. Subserosal hemorrhaging was observed in the small and large intestine and
the omentum of a child who accidentally ingested a lethal amount of automobile transmission fluid (Perrot
and Palmer 1992). Focal gastritis with edema and necrosis were observed in 2 of 4 rats exposed by gavage to

1,000 mg/kg MILH- 5606 for 26 days (Mattie et al. 1993).

Organophosphate Ester Hydraulic Fluids. In a case report and in the report of an outbreak of
organophosphate ester poisoning, vomiting, diarrhea, and gastric upset were found (Goldstein et al. 1988;
Srivastava et al. 1990). Gastrointestinal effects may well have a neurological component, because of known

anti-cholinesterase properties of organophosphate esters. Cholinesterase inhibition in the gastrointestinal
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tract is commonly manifested as diarrhea. See Section 2.2.2.4 for a more complete discussion of

cholinesterase inhibition.

The most commonly reported gastrointestinal tract effect observed in animals orally exposed to
organophosphate ester hydraulic fluids is diarrhea. Following acute exposure, diarrhea has been observed in rats
exposed to 5,775 mg/kg of Durad MP280 (Gaworski et al. 1986) or 5,750 mg/kg Fyrquel 220 (Gaworski 500
mg/kg/day of Fyrquel 150 (Beck et al. 1977). Diarrhea was also observed in a cow exposed to 8,333 mg/kg/day
of Cellulube 220 for an intermediate duration (Dollahite and Pierce 1969). Other gastrointestinal effects reported
in cows acutely exposed include abdominal pain at 500 mg/kg/day of Fyrquel 150 (Beck et al. 1977) and
tympanitis at 7,700 mg/kg/day of Cellulube 220 (Dollahite and Pierce 1969). Hypersalivation is reported for rats
exposed to a 325 mg/kg/day dose of tri-n-butyl phosphate (Healy et al. 1995) over 13 weeks and may also be a
neurological effect, not a true gastrointestinal effect. Histological examination of gastrointestinal tissues
revealed no treatment-related lesions in Fischer 344 rats and B6C3F, mice orally exposed to tricresyl phosphate
(NTP 1994). Dosing regimens (highest doses in mg/kg/day in parenthesis) were as follows: 13-week feeding
(rats 770, mice 1,050); 13-week gavage, 5 days a week (rats 800, mice 800); and 2-year feeding (rats 15, mice
37).

Polyalphaolefin Hydraulic Fluids. No studies were located regarding gastrointestinal effects in humans or

animals after oral exposure to polyalphaolefm hydraulic fluids.

Hematological Effects.

Mineral Oil Hydraulic Fluids. No studies were located regarding hematological effects in humans after oral

exposure to mineral oil hydraulic fluids.

A statistically significant reduction of 16% in the percentage of lymphocytes in whole blood was reported in rats

receiving 1,000 mg/kg/day ME-H-5606 for 26 days (Mattie et al. 1993).

Organophosphate Ester Hydraulic Fluids. No studies were located regarding hematological effects in

humans after oral exposure to organophosphate ester hydraulic fluids.
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In rats exposed for intermediate durations at 250 mg/kg/day to tricresyl phosphate for 90 days,

250 mg/kg/day dibutyl phenyl phosphate for 91 days, or 250 mg/kg/day of trimethyl phosphate for 9 weeks,
decreased hematocrit, erythrocyte counts and hemoglobin were reported (Healy et al. 1991; Oishi et al. 1982); at
500-1,000 mg/kg/day of MIL-H-83306, hemoglobin, mean cell hemoglobin, and mean cell hemoglobin
concentration were reduced (Mattie et al. 1993). In other intermediate-duration studies, no effect on
hematological parameters was observed in rats exposed to 50 mg/kg/day Pydraul 90 E (Monsanto 1979), < 350
mg/kg/day of tributyl phosphate (Laham et al. 1985; Oishi et al. 1982), <800 mg/kg/day of tricresyl phosphate
(Latendresse et al. 1994a, 1994b), or <250 mg/kg/day trioctyl phosphate (Oishi et al. 1982). Similar results were
reported in rabbits exposed to <480 mg/kg/day Cellulube 220 (Carpenter et al. 1959). No alteration in
hematological parameters was noted in Fischer 344 rats and BsCsF,, mice orally exposed to tricresyl phosphate
(NTP 1994). Dosing regimens (highest doses in mg/kg/day in parenthesis) were as follows: 13-week feeding
(rats 770, mice 1,050); 13-week gavage, 5 days a week (rats 800, mice 800); and 2-year feeding (rats 15, mice
37).

Polyalphaolefm Hydraulic Fluids. No studies were located regarding hematological effects in humans after oral

exposure to polyalphaolefin hydraulic fluids.

Reductions of approximately 10% in total hemoglobin and mean cell hemoglobin were observed in rats
receiving 1,000 mg/kg/day of MIL-H-83282LT for 4 weeks (Mattie et al. 1993). A 47% increase in white
blood cell counts was also observed in this study. No effects on hematological parameters were seen in rats

similarly exposed to MIL-H-83282 (Mattie et al. 1993).

Musculoskeletal Effects.

Mineral Oil Hydraulic Fluids. No studies were located regarding musculoskeletal effects in humans or

animals after oral exposure to mineral oil hydraulic fluids.

Organophosphate Ester Hydraulic Fluids. No studies were located regarding musculoskeletal effects in

humans after oral exposure to organophosphate ester hydraulic fluids.

No gross or histological alterations were observed in skeletal muscle following acute exposure to Cellulube
220. The identified NOAEL values are 480 mg/kg/day in rabbits and 720 mg/kg/day in chickens (Carpenter

et al. 1959). Muscle wasting was reported for cows exposed to a Fyrquel product containing tri-ortho-cresyl
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phosphate (Julien et al. 1976). Histological examination of bone revealed no treatment-related lesions in
Fischer 344 rats and B¢C;F| mice orally exposed to tricresyl phosphate (NTP 1994). Dosing regimens
(highest doses in mg/kg/day in parenthesis) were as follows: 13-week feeding (rats 770, mice 1,050);
13-week gavage, 5 days a week (rats 800, mice 800); and 2-year feeding (rats 15, mice 37).

Polyalphaolefin Hydraulic Fluids. No studies were located regarding musculoskeletal effects in humans or

animals after oral exposure to polyalphaolefin hydraulic fluids.

Hepatic Effects.

Mineral Oil Hydraulic Fluids. No studies were located regarding hepatic effects in humans after oral

exposure to mineral oil hydraulic fluids.

A 32% increase in liver weights, along with a 187% increase in peroxisomal beta-oxidation activity, was
noted in rats exposed to 1,000 mg/kg/day MIL-H-5606 for 26 days (Mattie et al. 1993). The toxicological

significance of the changes in peroxisomal enzyme activities is unclear.

Organophosphate Ester Hydraulic Fluids. No studies were located regarding hepatic effects in humans

after oral exposure to organophosphate ester hydraulic fluids.

No gross or histological hepatic alterations were observed in rabbits exposed to <480 mg/kg/day or chickens
exposed to up to 720 mg/kg/day, respectively, of Cellulube 220 for an acute duration (Carpenter et al. 1959). No
hepatic effects were reported in rats exposed to 50 mg/kg/day of Pydraul 90E for an intermediate duration
(Monsanto 1979). Several intermediate-exposure rat studies showed liver effects for organophosphate esters.
Liver weight increases were shown for tributyl phosphate at 250 mg/kg/day (Laham et al. 1985; Oishi et al.
1982), trioctyl phosphate at 250 mg/kg/day (Oishi et al. 1982), 2-ethylhexyl diphenyl phosphate at 220
mg/kg/day (Noda et al. 1984), dibutyl phenyl phosphate at 250 mg/kg/day (Healy et al. 1991), butylated
triphenyl phosphate at 1,000 mg/kg/day, tricresyl phosphate at 400 mg/kg/day (Latendresse et al. 1994b), and
MIL-H-83306 at 500 mg/kg/day (Mattie et al. 1993). Blood urea nitrogen was also decreased in rats receiving
500 mg/kg/day MIL-H-83306 (Mattie et al. 1993). Histopathological evidence for hepatic effects after exposure
to MIL-H-83306 (increased smooth endoplasmic reticulum) was found in rats exposed to 500 mg/kg/day for 26
days (Mattie et al. 1993). Changes in hepatic vacuolation and fatty accumulation were seen in rats exposed to

250 mg/kg/day dibutyl phenyl phosphate for 91 days (Healy et al. 1991).
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No histopathologic evidence of hepatic changes was seen in Fischer 344 rats orally exposed to tricresyl
phosphate for 13 weeks in feed (<770 mg/kg/day) or by gavage for 13 weeks, 5 days a week

(2800 mg/kg/day) (NTP 1994). Minimal papillary hyperplasia of the gall bladder mucosa was seen in male
B6C3F; mice exposed to tricresyl phosphate in feed at 110 mg/kg/day for 13 weeks; this sign was
characterized as mild in female mice similarly exposed at 230 mg/kg/day (NTP 1994). These signs were not
seen in mice exposed for 13 weeks, 5 days a week by gavage at <800 mg/kg/day (NTP 1994). In a chronic
duration study, male mice exposed to 13 mg/kg/day tricresyl phosphate for 105 weeks showed increased
incidences of clear cell foci, fatty change and ceroid pigmentation (NTP 1994). This effect was not seen in

female mice exposed to <37 mg/kg/day, or in rats exposed for 104 weeks at <15 mg/kg/day.

Polyalphaolefin Hydraulic Fluids. No studies were located regarding hepatic effects in humans after oral

exposure to polyalphaolefin hydraulic fluids.

Increased serum alkaline phosphatase was observed in rats receiving 1,000 mg/kg/day of MIL-H-83282 for
4 weeks but not in rats similarly exposed to 1,000 mg/kg/day MIL-H-83282LT (Mattie et al. 1993).
Increased peroxisomal beta-oxidation rates were seen after exposure to both fluids, but the toxicological

significance of this finding is unclear (Mattie et al. 1993).

Renal Effects.

Mineral Oil Hydraulic Fluids. No studies were located regarding renal effects in humans after oral

exposure to mineral oil hydraulic fluids.

Persistent diuresis, proteinuria, and an increased urinary protein/creatinine ratio were observed in rats
receiving 1,000 mg/kg/day MIL-H-5606 for 26 days (Mattie et al. 1993). Hyaline droplets in the proximal

tubules were also noted at histopathological examination.

Organophosphate Ester Hydraulic Fluids. No studies were located regarding renal effects in humans after oral

exposure to organophosphate ester hydraulic fluids.

No gross or histological alterations were observed in rabbits exposed to <480 mg/kg/day of Cellulube 220
for an acute duration (Carpenter et al. 1959) or rats exposed to 50 mg/kg/day of Pydraul 90E for an

intermediate duration (Monsanto 1979). Several reports of urinary bladder hyperplasia were found with
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exposure levels to dibutyl phenyl phosphate at 50 mg/kg/day (Healy et al. 1991), to tributyl phosphate at

200 mg/kg/day (Laham et al. 1985) for intermediate-duration exposures. Urinary bladder hyperplasia was
also reported in rats exposed to 32.5 mg/kg/day tributyl phosphate for 24 months (FMC 1994a). Kidney
weights and blood urea nitrogen increased in rats at 250 mg/kg/day tributyl phosphate (Oishi et al. 1982) and
diuresis, proteinuria, and an increase in urinary protein/creatinine ratio were observed in rats exposed to 500
mg/kg/day MIL-H-83306 for 26 days (Mattie et al. 1993). Signs of renal papillary edema and/or

necrosis were observed in female rats exposed to 430 mg/kg/day tricresyl phosphate by feed for 13 weeks and in
males at 750 mg/kg/day (NTP 1994). These signs were not observed when rats were exposed to

<800 mg/kg/day for 13 weeks by gavage, 5 days a week (NTP 1994). Evidence for renal tubule regeneration
was observed in male mice exposed to 900 mg/kg/day tricresyl phosphate in feed for 13 weeks, but not in
female mice similarly exposed (NTP 1994). As in rats, no renal pathology was observed in mice exposed by

gavage for 13 weeks, 5 days a week to <800 mg/kg/day.

Polyalphaolefin Hydraulic Fluids. No studies were located regarding renal effects in humans after oral

exposure to polyalphaolefin hydraulic fluids.

An increased urinary protein/creatinine ratio was observed in rats exposed to 1,000 mg/kg/day MIL-H-83282

for 4 weeks, and diuresis was seen in rats similarly exposed to MIL-H-83282LT (Mattie et al. 1993).

Endocrine Effects.

Mineral Oil Hydraulic Fluids. No studies were located regarding endocrine effects in humans or animals

after oral exposure to mineral oil hydraulic fluids.

Organophosphate Ester Hydraulic Fluids. No studies were located regarding endocrine effects in humans after

oral exposure to organophosphate ester hydraulic fluids.

Effects on the adrenal cortex have been observed in intermediate-duration studies for several
organophosphate hydraulic fluids. Exposure of rats to 1,700 mg/kg/day of a butylated triphenyl phosphate
fluid resulted in enlargement of the adrenals and lipidosis and cytoplasmic vacuolization of the adrenal
cortex (Latendresse et al. 1994a). Similar results were observed in this study with exposure to tricresyl
phosphate at 400 mg/kg/day. An important enzyme in steroid synthesis, neutral cholesteryl ester hydrolase,
was significantly inhibited with both treatments. In a reproductive toxicity study (Chapin et al. 1988) in
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which male and female mice were exposed to 62.5 mg/kg of a mixture of tricresyl phosphates containing <0.1%
pure TOCP, hypertrophy of the zona fasciculata cells and brown degeneration of cells in the juxtamedullary
zone were observed in the adrenal gland. Cytoplasmic vacuolization of the adrenal cortex was also observed in
rats exposed to tricresyl phosphate at all doses tested both in feed (55-770 mg/kg/day) and by gavage (50-800
mg/kg/day) for 13 weeks (NTP 1994). Similar results were observed in mice in 13-week feeding and gavage
exposures in this study. In a 104-week exposure in rats, this sign was not seen in males at 13 mg/kg/day or
females at 7 mg/kg/day, but was observed in 36 of 50 females exposed at 15 mg/kg/day.

Increased severity of ceroid pigmentation was observed in the adrenal cortex of mice exposed to

7-8 mg/kg/day tricresyl phosphate (the lowest dose tested for 105 weeks) (NTP 1994).

No histopathological changes in endocrine tissues (adrenal glands and thyroid) were noted in rabbits
receiving <480 mg/kg/day Cellulube 220 for 114 days (Carpenter et al. 1959), or in rats receiving
<350 mg/kg/day tributyl phosphate for 18 weeks (Laham et al. 1985).

Polyalphaolefin Hydraulic Fluids. No studies were located regarding endocrine effects in humans or

animals after oral exposure to polyalphaolefin hydraulic fluids.

Dermal Effects.

Mineral Oil Hydraulic Fluids. No studies were located regarding dermal effects in humans or animals after

oral exposure to mineral oil hydraulic fluids.

Organophosphate Ester Hydraulic Fluids. No studies were located regarding dermal effects in humans

after oral exposure to organophosphate ester hydraulic fluids.

Scabbing was observed in some rats exposed to Santicizer 154 at 300 mg/kg/day for 14 days (IRDC 1981).

No gross or histological alterations were observed in chickens exposed to 720 mg/kg/day of Cellulube 220

for an acute dur